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Abstract 
EMERGENCE OF DISABILITY IN LATE LIFE 
 
Chao-Yi Wu, PhD 
 
University of Pittsburgh, 2019 
 
 
 
 
In 2050, the life expectancy is anticipated to be 82 years in the United States. This increased 
in life expectancy has raised questions as to whether a longer period of old age guarantees a longer 
period of good health. As of now, the potential for a healthy late life is tempered by disability – 
the loss of independence with activities of daily living (ADL). Disability looms as a personal, 
family, and public health crisis. Older adults with disability have low autonomy, require assistance 
from loved ones, and often require costly health care services. Effective interventions to prevent 
disability are critical to support wellness in late life. 
We identified gaps in existing non-pharmacological interventions for the prevention of 
disability, suggesting that 1) these interventions are associated with modest to moderate effect 
sizes and 2) the most robust interventions are complex and include multiple “active ingredients.” 
However, the best combination of “active ingredients” remains unclear, and the combinations may 
vary based on clinical indicators. To better understand these variations, we examined selected 
indicators of change in brain health (depressive symptoms, cognitive complaints) and their 
associations with patterns of everyday activities in at-risk older adults (i.e., with a recent diagnosis 
of a chronic condition). We learned that changes in these indicators of brain health accelerated 
disablement in older adults with a newly-diagnosed Diabetes Mellitus. We also learned that 
indicators of brain health influenced patterns of everyday activities in older adults at-risk for 
disability (i.e., self-reported changes in daily routines); depressive symptoms were associated with 
engagement in fewer instrumental ADL, and cognitive complaints were associated with 
v 
engagement in fewer leisure activities. This information gives insight to the risk architecture 
contributing to the onset of disability, as well as potential clinical indicators that could be explored 
in future clinical trials. 
Age-related disability is “a situation without precedent.” The information gleaned from this 
dissertation may inform 1) studies to examine the health consequences of everyday activities 
patterns; 2) the identification of factors that may elucidate the complex disablement; and 3) the 
structure, timing, and dosage of future interventions that aim to prevent disability in late life. 
vi 
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Preface 
Too much to say and to thank. 
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1.0 Introduction 
1.1 Significance 
1.1.1  Disability in late life 
The world is facing an unprecedented situation; an estimated 1.5 billion older adults will 
be 65 years old or older in 2050 (Ortman, Velkoff, & Hogan, 2014). While increased longevity 
and a growing aging population are great accomplishments in our society, the prevalence of 
disability accompanies old age. Now, one out of three older adults have a disability (Kraus, 2017), 
as indicated by the inability to maintain independence in activities of daily living (Kraus, 2017; 
Ortman et al., 2014). Disability is problematic, because it not only reduces older adults’ quality of 
life but also requires costly health care services (Freedman & Spillman, 2014; S. Hayes et al., 2016; 
Lubitz, Cai, Kramarow, & Lentzner, 2003). As the aging of the population is inevitable, strategies 
to prevent disability are critical to support older adults’ health and well-being. 
1.1.2  Preventing disability in late life 
Compared to pharmacological interventions, non-pharmacological interventions that 
prevent and reduce disability are compelling given low risks and potentially high health benefits. 
Existing non-pharmacological interventions have demonstrated efficacy for partially reducing 
disability, once it has occurred. This research is still in the early stages, and the active ingredients 
of these non-pharmacological interventions are only beginning to be defined and studied (Craig et 
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al., 2008). Furthermore, intervening after the emergence of disability may be too late to slow down 
the disablement progression (Capistrant et al., 2014). Therefore, current efforts seek to advance 
knowledge about potential indications for prevention-oriented interventions, particularly in 
vulnerable populations who have not yet manifested disability. 
1.1.3  Indicators of brain health and disability 
The Institute of Medicine (IOM) has proposed a framework for optimizing prevention-
oriented programs to address public health issues (Springer & Phillips, 2007). These prevention-
oriented programs are characterized by interventions that address the risks factors to prevent the 
onset of disability in at-risk older adults. The examination of selected indicators of brain health 
may open a window of opportunity to elucidate the pathway to disability since subtle brain changes 
are often  early signals that give rise to clinical symptomologies, functional decline, and 
subsequent disability (Cigolle, Langa, Kabeto, Tian, & Blaum, 2007; Mehta, Yaffe, & Covinsky, 
2002; Reynolds & Silverstein, 2003). 
Indicators of brain health include gait speed, coordination, sensory function, mood 
symptoms, and cognitive function. Among these, depressive symptoms and cognitive changes 
have been frequently associated with changes in brain health and changes in everyday life activities 
in late life (Fritsch, McClendon, Wallendal, Hyde, & Larsen, 2014; Laborde-Lahoz et al., 2014; 
Westoby, Mallen, & Thomas, 2009), and are relatively understudied relative to sensorimotor 
function (Robertson, Savva, & Kenny, 2013). Epidemiologic evidence estimates that more than 
6.5 million older adults have depression (National Alliance on Mental Illness, 2009). Elevated 
depressive symptoms are problematic, because they are associated with physiological changes in 
the brain and dysfunction in the circuits of emotion processing (Alexopoulos et al., 2015; Bruce, 
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2001). The dysfunction in the circuits of emotion processing may lead to major depressive disorder 
and if it persists or worsens over time (Gorwood, Corruble, Falissard, & Goodwin, 2008; Karp et 
al., 2009; Laborde-Lahoz et al., 2014; Leibold, Holm, Raina, Reynolds III, & Rogers, 2014). 
Cognitive impairments are present in 15% to 20% of older adults (Centers for Disease Control and 
Prevention, 2011). Furthermore, cognitive abilities decline approximately 10% every 10 years in 
late life (Singh-Manoux et al., 2012). Even a subtle decline in cognition is associated with 
pathological changes in the brain, such as grey matter shrinkage or toxic protein accumulation 
(Morley et al., 2015). These pathological changes may lead to poor memory, slow processing 
speed, and trouble managing daily activities. Yet, we have little understanding of how these two 
indicators of brain-health are associated with disablement in late life, especially when disability is 
just beginning to emerge. This piece of information is critical to identify those who may be 
predisposed to in late life. 
1.1.4  Everyday activity patterns, mood, cognition, and disability 
Evidence suggests that involvement in meaningful everyday activities (self-care; exercise; 
leisure) may be a potent indicator of health in late -life (Agahi, Silverstein, & Parker, 2011; Foley, 
Hillier, & Barnard, 2011; Iwasa et al., 2012; Villareal et al., 2011). Patterns of everyday activities 
characterize the variety of activities and the amount of time an individual spends each day for a 
certain duration (e.g., weekly, monthly) (Carlson et al., 2012). These patterns reflect the 
complexity and enrichment of everyday lives and may signal health, when sufficiently complex 
and meaningful (Law, 2002). Changes within patterns may also herald changes in health even 
before older adults are aware of health declines (Fried, Herdman, Kuhn, Rubin, & Turano, 1991; 
Hayes et al., 2008). Consequently, a full grasp of everyday activity patterns in late-life may aid 
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early identification of at-risk populations and inform future intervention strategies to promote 
healthy patterns of everyday activities for older adults. 
Yet, little research has described the real-world lived experience of older adults – their 
patterns of engagement in everyday activities – partially due to the difficulties in assessing 
everyday activities in sufficient detail in a given epoch of time (Asch, Muller, & Volpp, 2012). 
Additionally, the relationships among indicators of brain health (depressive symptoms; cognitive 
complaints) and patterns of everyday activities are unclear in the early stages of decline – 
particularly among older adults who are at-risk for disability. To develop strategies that prevent 
disability, an investigation of the dynamic interactions among indicators of brain health and 
activity patterns is warranted to in those who are vulnerable to disability. 
1.2 Specific Aims 
The goal of this dissertation was to generate additional evidence to inform future 
prevention-oriented interventions that may be used to prevent disability in late life. This 
dissertation is comprised of three aims designed to summarize the effects of existing non-
pharmacological interventions on reducing disability, and examine clinical indicators that may 
influence the design of future interventions. Specifically, this dissertation examined associations 
among selected indicators of brain health, everyday activity patterns, and disability in at-risk older 
adults (i.e., those with new chronic conditions; those with self-reported changes in daily routines). 
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1.2.1  Aim 1 
The first aim summarized the effects of existing non-pharmacological interventions to 
reduce disability for community-dwelling older adults. We conducted a scoping review of the 
literature to examine the effects of non-pharmacological interventions on disability and explored 
the effects of active ingredients embedded in these interventions (Chapter 2). 
1.2.2  Aim 2 
The second aim examined the roles of selected indicators of brain health (depressive 
symptoms; cognitive decline) in the progression of disablement over time in late life. We focused 
on one at-risk population, that is older adults with a new chronic condition (in this case, those with 
a new diagnosis of Diabetes Mellitus, DM). We used secondary data from the Health Retirement 
Study to examine the longitudinal associations among elevated depressive symptoms, cognitive 
impairments, and disability over a 10-year period (Chapter 3). 
1.2.3  Aim 3 
The third aim examined patterns of everyday activities and their associations with selected 
indicators of brain health in a sample of older adults at-risk for disability (in this case, those with 
self-reported changes in daily routines). We examined the feasibility and usability of mobile 
devices in measuring the patterns of everyday activities (variety and time) for 14 days (Chapter 
4). We examined the interactions among depressive symptoms, cognitive complaints, and 
everyday activities via a measurement burst design approach in at-risk older adults (Chapter 5). 
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1.3 Innovation 
The innovation of this dissertation is its focus on elements necessary to inform future 
prevention-oriented clinical trials. There are several pieces of information needed to advance this 
goal. First, we must better understand the composition and efficacy of current interventions 
designed to reduce disability, if we are to consider the design of future interventions designed to 
prevent disability. Our review of non-pharmacological intervention trials specifically addressed 
both the composition (i.e., the “active ingredients of interventions) and the aggregation of 
estimated effects associated with variations in composition. Second, we must better understand 
clinical indicators that contribute to disability – particularly the associations among these 
indicators and the onset and progression of disability. We addressed this by focusing on two 
clinical indicators that have been less well-studied in the disability world, depressive symptoms 
and cognitive impairments. Furthermore, we conducted longitudinal analyses to estimate the 
effects of these clinical indicators in a sample of older adults who did not yet have disability, but 
were vulnerable to the onset of disability with the onset of a new chronic condition. This allowed 
us to examine the strength of associations over time. Third, we must develop new methods to study 
patterns of daily activities (an indicator of disability) and their associations with selected clinical 
indicators. Collectively, these new investigations add to the science addressing the prevention-
oriented mandate specified by the Institute of Medicine and others – providing insights that can 
inform intervention development in future studies. 
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2.0 A Scoping Review of Interventions in Reducing Disability in Older Adults 
In Chapter 2, we summarize the effects of existing non-pharmacological interventions for 
reducing disability in community-dwelling older adults. We only examined non-pharmacological 
intervention studies that examined disability as an outcome. The Chapter generated a manuscript 
currently under-review at The Gerontologist, titled “A Scoping Review of Non-Pharmacological 
Interventions to Reduce Disability in Older Adults.” 
2.1 Introduction 
One out of three older adults experience disability. Disability is defined by the inability to 
sustain independence with basic activities of daily living (ADL) or instrumental activities of daily 
living (IADL) (Kraus, 2017; Ortman et al., 2014). ADL and IADL disabilities are associated with 
substantial health care costs; older adults with disability have greater out-of-pocket healthcare 
expenditures than older adults without disability (Mitra, Palmer, Kim, Mont, & Groce, 2017). 
Older adults with disability also experience a lower sense of well-being (Groessl et al., 2007). 
Effective strategies to minimize disability become critical to reduce costly healthcare related to 
disability and sustain quality of life into old age. 
Non-pharmacological interventions are promising to reduce disability in late life. Non-
pharmacological interventions adopt behavioral change techniques, devices and technologies to 
facilitate change in health and quality of life (Boutron, Moher, Altman, Schulz, & Ravaud, 2008). 
Non-pharmacological interventions may include complementary and integrative medicine (e.g., 
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Tai Chi) than the consumption of medication or substances, and thus have fewer risks and side-
effects (Krishnan et al., 2018). Typically, non-pharmacological interventions are developed for 
older adults with a single medical condition, once disability has emerged. For example, moderate-
intensity, supervised exercise programs have been developed to improve function after acute 
myocardial infarction or cardiac arrest (Boyce et al., 2017; Peixoto et al., 2015). Although these 
non-pharmacological interventions have demonstrated success in reducing disability, intervening 
after the emergence of medical conditions is often too late to minimize disability because the acute 
medical condition already results in newly acquired disability (Capistrant et al., 2014). 
Additionally, after acute medical conditions, these illnesses often have exacerbations or remissions 
that lead to risks of comorbidity and long-term disability (Brown et al., 2009; Collins et al., 2018). 
Instead of focusing on a single medical condition or comorbidity, researchers have adopted 
various eligibility criteria (e.g., frailty, or at-risk of falling) to examine how to minimize disability 
through non-pharmacological interventions for broader groups of older adults (Ferrucci et al., 
2004). Older adults who fit these criteria may have disability that is not caused by an acute medical 
condition, but they have a higher risk of acquiring more severe disability, as describe by Ferrucci 
and colleagues (Ferrucci et al., 2004). Little research has examined how effective these non-
pharmacological interventions are at minimizing disability for older adults that fit these eligibility 
criteria.  
Additionally, the active ingredients that drive the efficacy of non-pharmacological 
interventions are poorly specified and evaluated (Boutron et al., 2008). Active ingredients are the 
key components that are embedded in the interventions to change outcomes. Non-pharmacological 
interventions are often complex interventions, as defined by the Medical Research Council (Craig 
et al., 2008). A complex intervention is composed of more than one active ingredient (Michie, 
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Fixsen, Grimshaw, & Eccles, 2009). These active ingredients can be problem-solving, goal setting, 
exercise, or comprehensive geriatric assessment (Michie et al., 2013). The evaluation of active 
ingredients is critical because they may determine intervention efficacy in reducing disability in 
late life. 
The purpose of this scoping review was to examine the effects of non-pharmacological 
interventions on disability in community-dwelling older adults participating in randomized 
controlled trials. The active ingredients of the interventions were also examined. We chose to 
include studies that recruited community-dwelling older adults to inform the development of future 
home-based programs. Information gleaned from this review may provide insights into how to 
optimize the effects of non-pharmacological interventions on disability for older adults. 
2.2 Methods 
2.2.1  Data sources and searches 
We followed the scoping review methodological approach and provided the preferred 
reporting items for systematic review and meta-analysis (PRISMA) guidelines (Arksey & 
O’Malley, 2005; Moher, Liberati, Tetzlaff, & Altman, 2009) (Appendix A). An electronic search 
of PubMed, PsycINFO, and CINAHL databases was used to locate intervention studies. The terms 
used for the literature search were: older adults; disability; preclinical disability; activities of daily 
living; instrumental activities of daily living; intervention; social engagement; social participation; 
treatment outcome; clinical trial; clinical study. Terms were paired to search for eligible studies. 
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2.2.2  Study selection 
We included studies that 1) recruited community-dwelling older adults aged ≥ 50 years 
old; 2) examined non-pharmacological interventions via randomized controlled trials (without the 
use of medication or substances); 3) measured ADL or IADL disability as primary or secondary 
outcomes; 4) included at least one follow-up, 5) were written in English, and 6) had sufficient data 
to calculate effect sizes. We excluded interventions that 1) focused on a specific diagnosis (e.g., 
cardiac arrest); 2) focused on one gender; 3) were not home-based; and 4) had follow-up longer 
than 3 years to minimize the influence of follow-up duration on results. Mendeley software 
(version 1.17) was used to manage the selection process (Mendeley Ltd, 2017).  
A two-level screening process was performed to determine the inclusion eligibility: 1) title 
and abstract review, and 2) full-text review. One reviewer (C.Y.W.) reviewed abstracts and titles. 
Discrepancies in eligibility were determined through consensus by three authors (J.R., E.R.S., 
C.Y.W.). 
2.2.3  Data extraction and management 
Study characteristics (number of participants; age; gender; dosage; intervention session 
format; measure of disability; follow-up duration) and the means and standard deviations of 
disability were extracted for intervention and control groups. Baseline disability was categorized 
into four levels (negligible; mild; moderate; severe) using the cut-off points of measures of 
disability listed in the studies. 
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Active ingredients of interventions were identified and coded based on the descriptions of 
interventions within the manuscripts. Three independent authors coded the active ingredients 
separately (J.R., E.R.S., C.Y.W.). Discrepancies were discussed and resolved by three authors 
(J.R., E.R.S., C.Y.W.). Complex intervention (YES/NO) was characterized by more than one 
included active ingredient (Craig et al., 2008). 
2.2.4  Data synthesis and analysis 
Effect sizes were computed using standardized mean differences (SMDs), as known as 
Cohen’s d. The Cohen’s d was estimated by the differences between the mean changes of disability 
in the intervention and control groups divided by the pooled standard deviation (SD) of disability 
at baseline (Feingold, 2009). The effect sizes of the primary outcome were selected if multiple 
assessments were used to measure disability. The effect size of the longest follow-up was selected 
if there were multiple follow-ups. 
STATA (version 15.0) (StataCorp, 2017) and SPSS (version 24.0) (IBM Corp., 2013) were 
used for statistical analysis. For each active ingredient, the heterogeneity of included studies was 
computed using the I-square statistics (I2) (Higgins & Thompson, 2002). The magnitude of 
heterogeneity was followed by low (30.0%), moderate (50.0%), and high (75.0%). All the analyses 
were considered significant at the 0.05 two-tailed α level. 
Cohen’s d was used to categorize the four-level magnitude of effect sizes (< 0.2 = 
negligible; 0.2 - 0.5 = small; 0.5 - 0.8 = moderate; > 0.8 = large) (Lakens, 2013). We calculated 
the proportion of participants within each magnitude of effect size (negligible; small; moderate; 
large) across active ingredients. The greater proportion of participants in the studies with moderate 
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to large effect sizes, the more influence of an active ingredient on disability. This approach 
provided a visualization of magnitudes of effect sizes across studies, accounting for study sample 
sizes. Forest plots were generated for each active ingredient to visualize and synthesize the effect 
sizes of studies. 
2.3 Results 
2.3.1  Study characteristics 
A total of 2,385 articles were identified; 363 articles were reviewed by full text. A total of 
49 articles were eligible for this review (Figure 1). Sixteen authors were contacted and requested 
to provide means and SDs for studies that did not include necessary data. Means and SDs were 
obtained from 2 authors. There were 31 studies (included 33 interventions) with sufficient data 
(i.e., means and SDs) to be included in the analysis (Table 1-2; Figure 2). 
 A quarter of the studies (25.8%) had longer than 12 months follow-up. Nearly three-
fourths studies (74.2%) listed disability as their primary outcome. Almost half of the studies 
(47.2%) examined complex interventions. Most of the studies (80.6%) had individual sessions in 
the interventions as opposed to group sessions. Intervention dosages varied from 2 sessions to 78 
sessions (3 sessions per week for 26 weeks). 
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Figure 1 Review diagram 
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Table 1 Included studies (n = 31) 
Authors, 
(year) Population 
No. allocated Mean age (year) Female (%) 
Dosage Session Format 
Disability 
measure 
Primary 
outcome  
Follow-
up 
month Intervention Control Intervention Control Intervention Control 
Alexopoulos 
et al., (2011)  
Major depressive 
disorder 110 111 72.8 73.2 N/A N/A 
12 weekly 
sessions Individual 
WHOD
AS Yes 9 
Binder et al., 
(2002)  Frailty 66 49 83.0 83.0 52.0 53.0 
1 hour/3 
times*12weeks Group FSQ Yes 9 
Bouman et 
al., (2008)  
Poor health 
conditions 139 154 75.8 75.6 60.0 60.0 
1-1.5 hours/ 8 
sessions Individual GARS Yes 24 
Callahan et 
al., (2005)  
Major depression 
or dysthymic 
disorder 
906 895 71.0 71.4 64.1 65.6 6-8 sessions Individual 7 IADL Yes 12 
Cameron et 
al., (2013)  Frailty 108 116 83.4 83.2 67.0 68.0 10 sessions Individual BI Yes 12 
Chin et al., 
(2001)  
Physical 
inactivity 80 74 77.5 78.9 73.0 70.0 
45 mins/2 
times*17weeks Group 16 ADL Yes 3 
Clare et al., 
(2015)  
Without dementia 
or intellectual 
disability 
22 27 68.2 70.2 79.2 85.2 A session and a 
follow-up call Individual FCAS Yes 12 21 27 67.5 70.2 95.8 85.2 
Clark et al., 
(1997)  Without dementia 101 202 N/A N/A 64.0 65.5 
2 hours per 
week/ 9 month 
Group+ 
Individual FSQ Yes 9 
Counsell et 
al., (2007)  
Income < 200% 
of the federal 
poverty level 
474 477 71.8 71.6 75.5 76.5 1 visit and 1 phone call Individual 
7 
ADL+6 
BADL 
Yes 24 
Day et al., 
(2012)  
Preclinical 
disability 171 190 N/A N/A 66.2 69.7 
1 hour/ 
2times*48 
weeks 
Group LLFDI Yes 6 
Dorresteijn 
et al., (2016)  
Concerns about 
falls and activity 
avoidance 
141 171 78.4 78.3 68.0 72.3 3 sessions; 4 phone calls Individual GARS No 12 
Fairhall et 
al., (2012)  Frailty 111 121 83.4 83.2 67.0 68.0 
1 hour/ 10 
sessions Individual 
LSA-
UAB Yes 12 
Foley et al., 
(2011)  
Discharge from 
day rehabilitation 34 36 78.3 79.9 79.0 81.0 
1 hour/ 24 
sessions Individual BI Yes 3 
Gill et al., 
(2004)  Frailty 91 91 82.8 83.5 85.0 74.0 
16 sessions*6 
months Individual 8 ADL Yes 12 
Gitlin et al., 
(2006)  
Difficulty with 
two IADLs or 
one ADL 
154 146 79.5 78.5 82.5 81.1 1.5 hours/ 6 sessions Individual 
6 
ADL+6 
IADL 
Yes 12 
Haines et al., 
(2009)  
Discharged from 
hospital 19 34 80.9 80.5 74.0 53.0 
8 weekly 
phone calls Individual FAI Yes 6 
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Table 2 continued 
Hendriks et 
al., (2008)  Fall 123 134 74.5 75.2 66.9 70.1 2 visits Individual FAI No 12 
Kerse et al., 
(2010)  
Depressive 
symptoms 94 87 81.4 80.8 63.9 53.1 
1 hour/ 8 
sessions Individual NEADL Yes 12 
Kerse et al., 
(2014)  
Participated in 
primary care 
practice 
1787 1619 80.4 80.3 56.0 54.0 3 visits Individual NEADL Yes 36 
King et al., 
(2012)  
Received 
assistance from 
the home care 
82 82 80.5 78.4 77.4 69.9 At least 5 visits Individual NEADL No 7 
Kono et al., 
(2012)  Frailty 105 100 80.3 79.6 73.9 74.1 4 visits Individual BI Yes 24 
Lannin et al., 
(2007)  
Mild to no 
cognitive 
impairments 
5 5 80.0 82.4 100 60.0 55-85 minutes/ 1 session Individual NEADL Yes 3 
Liu et al., 
(2014)  Fall 64 58 74.5 74.5 87.5 86.2 
1.5 hours/ 8 
sessions Group 
5 social 
activities No 3 
Mahoney et 
al., (2007)  Fall 130 135 79.6 80.3 78.7 78.3 
2 visits/ phone 
calls Individual BI No 12 
Pighills et 
al., (2011)  Fall 
87 78 78.0 80.0 71.0 67.0 1 visit/ 2 phone 
calls Individual BI No 12 73 78 79.0 80.0 62.0 67.0 
Rockwood 
et al., (2003)  Frailty 85 80 81.4 82.2 56.8 57.5 
1-6 visits/ 1 
follow-up Individual 
Lawton 
IADL N/A 12 
Rydwik et 
al., (2010)  Frailty 20 19 83.5 82.9 47.8 69.6 
1 hour/ 2 
time*12 week Group FIM No 24 
Szanton et 
al., (2011)  
Low income; 
difficulties in 
1ADL or 2 IADL 
20 15 79.0 77.0 96.0 94.0 1 hour/ 10 sessions Individual 
5 ADL+ 
6 IADL Yes 6 
van Hout et 
al., (2010)  Frailty 331 330 81.3 81.5 72.2 68.8 
3 visits/ phone 
contacts Individual GARS Yes 18 
Villareal et 
al., (2006)  Frail and obese 17 10 71.1 69.4 60.0 71.0 
1.5 hour/ 3 
days*26 weeks Group FSQ Yes 24 
von 
Bonsdorff et 
al., (2008)  
Sedentary 310 306 77.6 77.6 74.5 75.2 
1 hour/ every 4 
months phone 
calls 
Individual Lawton IADL Yes 24 
Total  6081 5952 77.9 78.4 71.8 69.7      
Note: N/A (None applicable); WHODAS (World Health Organization Disability Assessment Schedule); FSQ (Functional Status Questionnaire); GARS (Groningen Activity 
Restriction Scale); BI (Barthel Index); FCAS (Florida Cognitive Activities Scale); LLFDI (Late-Life Function & Disability Instrument); LSA-UAB (University 
of Alabama at Birmingham Study of Aging Life-Space Assessment); FAI (Frenchay Activities Index); NEADL (Nottingham Extended Activities of Daily Living Scale); FIM 
(Functional Independence Measure) 
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Figure 2 A forest plot of the effects of 31 studies on disabiliity 
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Eleven measurements were used to assess disability (Table 1-2). Several authors 
developed participant-reported measures of disability (n = 7). Barthel Index (n = 5) (Mahoney & 
Barthel, 1965) and Nottingham Extended Activities of Daily Living Scale (n = 4) (Nouri & 
Lincoln, 1987) were the most frequently used tools to assess ADL and IADL disabilities. Other 
studies used Groningen Activity Restriction Scale (n = 3) (Kempen & Suurmeijer, 1990), 
Functional Status Questionnaire (n = 3) (Jette et al., 1986), Frenchay Activities Index (n = 2) 
(Schuling, de Haan, Limburg, & Groenier, 1993), or Lawton IADL measures (n = 2) (Lawton & 
Brody, 1969). 
2.3.2  Participant characteristics 
Studies recruited participants with negligible (n = 9); mild (n = 11); moderate (n = 12), and 
severe disability (n = 1) (Figure 2). 
2.3.3  Effects of intervention studies 
There was a moderate to high heterogeneity among the 31 studies (I2 = 73.5%, p < .001). 
Figure 3 illustrates the effect size d ranged from -0.85 to 1.76 across studies, with 9 having 
statistically significant effect sizes (Alexopoulos et al., 2011; Binder et al., 2002; Callahan et al., 
2005; Foley et al., 2011; Gill et al., 2004; Kerse et al., 2014; Szanton et al., 2011; Villareal, Banks, 
Sinacore, Siener, & Klein, 2006; von Bonsdorff et al., 2008). From the 31 studies, 22 had 
negligible effect sizes, accounting for 83.0% of total participants; 6 studies had mild effect sizes, 
accounting for 14.0% of total participants; 3 studies had moderate effect sizes, accounting for 2.0% 
of total participants; and 2 studies had large effect sizes, accounting for 1.0% of total participants. 
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Studies included measures of ADL disability, IADL disability, and ADL combined IADL 
disability had effect size d ranged from -0.62 to 1.76, -0.09 to 0.69, and -0.85 to 0.88. 
2.3.4  Effects of active ingredients embedded in the interventions 
Table 3-4 showed 8 active ingredients that were identified and defined: exercise; 
problem-solving; cognitive behavioral therapy; environmental modification; education; goal 
setting; comprehensive geriatric assessment; and cognitive training. 
 
Table 3 Definitions of active ingredients 
Active 
ingredient Definition Keywords 
Exercise 
Strengthen physical function, body 
structure, and physiological reserves 
Exercise; physical activity; strengthening; 
walk; physical training; Tai-Chi; balance; 
mobility; agility; stretching 
Problem-
solving 
Identify problems in daily activities, 
propose solutions to solve the 
problems, and implement solutions 
Problem-solving; action plan, review 
solutions; identify strategies; refine 
strategies; design a plan; mutual problem-
solving; overcome barriers; propose ways 
Cognitive 
behavioral 
therapy 
Discuss and identify patterns of 
thinking or behaviors. Change 
distorted thoughts to change 
behaviors and mood 
Cognitive behavioral therapy; cognitive 
behavioral interventions 
Environmental 
modification 
Modify environmental factors, such 
as home, light, rug, handrail 
Environmental modification; eliminate 
environmental hazards; home modification 
Education 
Deliver, shape, or instruct 
knowledge on how to perform a 
behavior or deal with situations 
Education; impart knowledge; didactic 
teaching; educational videotape 
Goal setting Identify goals that are relevant to health professionals or participants 
Goal setting; preview goals; identify goals; 
prioritize goals; set realistic goals 
Comprehensive 
geriatric 
assessment 
Evaluate medical, functional, 
psychological, social, or 
environmental domains 
Comprehensive geriatric assessment; 
multidimensional geriatric instrument; 
standardized health assessment 
Cognitive 
training 
Train specific cognitive domains, 
including processing speed, 
memory, attention, or reasoning 
Cognition training; mathematics; attention 
memory; visuospatial ability; processing 
speed; reasoning; visual search skill 
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Table 4 Effect sizes of active ingredients 
Intervention 
characteristics 
# of 
study 
# of 
sample 
I2 
(%) 
Range of 
effect size 
d 
The four-level magnitude of effect sizesa 
 <0.2 Negligible   0.2-0.5 Small   0.5-0.8 Moderate   >0.8 Large 
Active ingredient                                                       
 Exercise 13 2214 86.6* -0.85~1.76 55% 36% 5% 4% 
 Problem-solving 8 3418 0.0 0.17~0.88 54% 44% 1 % 1 % 
 CBT 8 3196 0.0 -0.06~0.88 62% 37% 1 % 
 Environment modification 4 778 26.2 0.10~0.69 34% 61% 4% 
 Education 10 3361 0.0 0.02~0.69 75% 24% 1 % 
 Goal setting 9 2983 18.8 -0.09~0.88 78% 20% 2% 
 CGA 15 6892 0.0 -0.09~0.69 94% 3% 3% 
                                                       
Complex intervention 15 4603 0.0 -0.09~0.88 62% 36% 1% 1% 
         
Total 31 12033 73.5* -0.85~1.76 83% 14% 2% 1% 
         
Note: *Statistically significant (p < 0.05) 
Note: aThe proportions accounted for numbers of participants. 
Note: CBT (cognitive behavioral therapy); CGA (comprehensive geriatric assessment)
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2.3.4.1 Exercise 
Exercise was an active ingredient of 13 interventions in 13 studies (Binder et al., 2002; 
Cameron et al., 2013; Chin A Paw, de Jong, Schouten, Hiddink, & Kok, 2001; Day et al., 2012; 
Dorresteijn et al., 2016; Fairhall et al., 2012; Foley et al., 2011; Gill et al., 2004; Gitlin et al., 2006; 
Haines et al., 2009; Kerse et al., 2010; Rydwik, Frandin, & Akner, 2010; Villareal et al., 2006) 
(Table 4; Appendix B). There was high heterogeneity among the 13 studies (I2 = 86.6%, p < .001). 
The effect size d ranged from -0.85 to 1.76 across studies, with 4 having statistically significant 
effect sizes (Binder et al., 2002; Foley et al., 2011; Gill et al., 2004; Villareal et al., 2006). Exercise 
programs focused on aerobic training, resistance training, balance, or Tai-Chi. Foley et al. 
conducted an aerobic exercise program for older adults with musculoskeletal impairments, 
surgeries, or falls. Results showed a large, statistically significant effect size (d = 1.76). Villareal 
et al. engaged older adults in flexibility, endurance, strength, and balance training. They found a 
large effect size (d = 0.88; baseline to 26 months). Gill et al. trained older adults in bed transfer, 
indoor and outdoor mobility. Results demonstrated a small to moderate effect size (d = 0.39; 
baseline to 12 months). There were negative effect sizes in favor of the control groups over time 
in Chin, Kerse and Rydwik et al.’s studies. 
2.3.4.2 Problem-solving 
Problem-solving was an active ingredient of 9 interventions in 8 studies  (Alexopoulos et 
al., 2011; Callahan et al., 2005; Clare et al., 2015; Dorresteijn et al., 2016; Gitlin et al., 2006; 
Szanton et al., 2011; Villareal et al., 2006; von Bonsdorff et al., 2008) (Table 4; Appendix C). 
There was no statistically significant heterogeneity among the 8 studies (I2 = 0.0%, p = 0.72). 
Effect size d ranged from 0.21 to 0.88 across studies, with 5 having statistically significant effect 
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sizes (Alexopoulos et al., 2011; Callahan et al., 2005; Szanton et al., 2011; Villareal et al., 2006; 
von Bonsdorff et al., 2008). Alexopoulos et al. and Callahan et al. used problem-solving therapy 
to reduce disability for older adults with depressive symptoms. Alexopoulos et al. found a 
significant group difference in change in disability (d = 0.28; baseline to 36 weeks), but a non-
significant group difference in Callahan et al.’s study (d = 0.17; baseline to 12 months). Villareal 
et al. applied problem-solving skills to modify eating habits and lifestyles in older adults who were 
obese. Results showed a large effect size (d = 0.88; baseline to 6 months). Szanton et al. used 
problem-solving techniques to resolve behavioral and environmental barriers for older adults. 
They found a moderate effect size (d = 0.69; baseline to 6 months). 
2.3.4.3 Cognitive behavioral therapy 
Cognitive behavioral therapy was an active ingredient of 8 interventions in 7 studies  
(Alexopoulos et al., 2011; Callahan et al., 2005; Clare et al., 2015; Dorresteijn et al., 2016; Liu & 
Tsui, 2014; Villareal et al., 2006; von Bonsdorff et al., 2008) (Table 4; Appendix D). There was 
no statistically significant heterogeneity among the 7 studies (I2 = 0.0%, p = 0.60). The effect size 
d ranged from -0.06 to 0.88 across studies, with 4 having statistically significant effect sizes 
(Alexopoulos et al., 2011; Callahan et al., 2005; Villareal et al., 2006; von Bonsdorff et al., 2008). 
Two interventions incorporated cognitive behavioral therapy to reduce the fear of falling and 
promote re-engagement in ADL for older adults (Dorresteijn et al., 2016; Liu & Tsui, 2014). 
Zijlstra et al. and Dorresteijn et al. together developed “A Matter of Balance-Netherlands program” 
for frail older adults (Dorresteijn et al., 2016; Zijlstra et al., 2009). Results showed that the 
intervention group had more reductions in disabilities compared to the usual-care control (d = 0.21; 
baseline to 12 months). Liu et al. incorporated cognitive behavioral techniques to reduce the fear 
of falling. Results showed a negative effect size (d = -0.06). Alexopoulos et al. and Callahan et al. 
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both incorporated cognitive behavioral techniques to change older adults’ distorted thoughts (e.g., 
Outdoor activities will make me fall.). Both studies found small to moderate effect sizes (d = 0.28; 
0.17). Villareal et al. recruited frail older adults and adopted cognitive behavioral therapy to change 
diets, exercise, and functional status. Results showed a high magnitude effect size (d = 0.88). 
2.3.4.4 Environmental modification 
Environmental modification was an active ingredient of 4 interventions in 4 studies (Gill 
et al., 2004; Gitlin et al., 2006; Mahoney et al., 2007; Szanton et al., 2011) (Table 4; Appendix 
E). There was negligible heterogeneity among the 4 studies (I2 = 26.2%, p = 0.25). The effect size 
d ranged from 0.10 to 0.69 across studies, with 2 having statistically significant effect sizes (Gill 
et al., 2004; Szanton et al., 2011). Environmental modification usually involved: 1) assessing 
environmental hazards; 2) removing environmental hazards; 3) installing equipment. Gitlin et al. 
and Szanton et al. designed environmental modification interventions to reduce disability for low-
income older adults with mild disabilities. Szanton et al. found a significant group difference in 
change in disability (d = 0.69; baseline to 6 months), but a non-significant group difference in 
Gitlin et al.’s study (d = 0.21). Gill et al. had physical therapists evaluate the home environment 
and provide recommendations to remove cords, replace mats, and install adaptive equipment. 
Results showed a group difference in change in disability (d = 0.39; baseline to 12 months). 
2.3.4.5 Education 
Education was an active ingredient of 10 interventions in 10 studies  (Callahan et al., 2005; 
Clark et al., 1997; Dorresteijn et al., 2016; Gill et al., 2004; Gitlin et al., 2006; King, Parsons, 
Robinson, & Jorgensen, 2012; Lannin et al., 2007; Mahoney et al., 2007; Szanton et al., 2011; von 
Bonsdorff et al., 2008) (Table 4; Appendix F). There was no statistically significant heterogeneity 
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among the 10 studies (I2 = 0.0%, p = 0.52). The effect size d ranged from 0.02 to 0.69 across 
studies, with 4 having statistically significant effect sizes (Callahan et al., 2005; Gill et al., 2004; 
Szanton et al., 2011; von Bonsdorff et al., 2008). Education programs incorporated diverse 
modalities, including educational videotape, booklet, volunteer lecture, or homework. Three 
studies provided education on exercise (Gill et al., 2004; Mahoney et al., 2007; von Bonsdorff et 
al., 2008). von Bonsdorff et al. and Gill et al.’s exercise programs found small to moderate effect 
sizes (d = 0.23; 0.39), but a non-significant effect size was observed in Mahoney et al.’s program 
(d = 0.10). Callahan et al. provided educational videotapes for older adults with depressive 
symptoms. The intervention group reduced more disability than the control group (d = 0.17; 
baseline to 12 months). Lannin et al. educated older adults on safety precautions for performing 
ADL. Results showed a non-significant moderate effect size (d = 0.50; baseline to 3 months). Clark 
et al. applied a didactic teaching method to help older adults select healthy lifestyles. They found 
no group difference in change in disability (d = 0.02; baseline to 9 months). 
2.3.4.6 Goal setting 
Goal setting was an active ingredient of 9 interventions in 9 studies (Alexopoulos et al., 
2011; Callahan et al., 2005; Clare et al., 2015; Dorresteijn et al., 2016; Fairhall et al., 2012; A. I. 
I. King et al., 2012; Rockwood et al., 2003; Szanton et al., 2011; Villareal et al., 2006) (Table 4; 
Appendix G). There was no statistically significant heterogeneity among the 9 studies (I2 = 18.8%, 
p = 0.28).The effect size d ranged from -0.09 to 0.88 across studies, with 4 having statistically 
significant effect sizes (Alexopoulos et al., 2011; Callahan et al., 2005; Szanton et al., 2011; 
Villareal et al., 2006). Goals were described as either client-centered goals (e.g., go shopping 
myself) (Alexopoulos et al., 2011; Callahan et al., 2005; Clare et al., 2015; Dorresteijn et al., 2016; 
Fairhall et al., 2012; Szanton et al., 2011; Villareal et al., 2006) or practitioner-centered goals (e.g. 
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monitor blood sugar) (A. I. I. King et al., 2012; Rockwood et al., 2003) across the 9 included 
interventions. Three out of 7 client-centered goal setting interventions focused on physical activity 
goals (Dorresteijn et al., 2016; Fairhall et al., 2012; Villareal et al., 2006). Two out of 9 
interventions used tools to facilitate goal setting processes (Clare et al., 2015; Rockwood et al., 
2003). Clare et al. used the Bangor Goal Setting Interview to guide participants in selecting 5 
goals: physical activity, cognitive activity, physical health, diet, and social engagement. Results 
showed a non-significant, small effect size (d = 0.22; baseline to 12 months). Rockwood et al. used 
the Goal Attainment Scale to facilitate goal selection and scaling processes. They found a non-
significant, negative effect size (d = -0.09; baseline to 3 months). 
2.3.4.7 Comprehensive geriatric assessment 
Comprehensive geriatric assessment was an active ingredient of 15 interventions in 15 
studies  (Bouman, van Rossum, Ambergen, Kempen, & Knipschild, 2008; Cameron et al., 2013; 
Counsell et al., 2007; Fairhall et al., 2012; Gill et al., 2004; Hendriks et al., 2008; Kerse et al., 
2014; King et al., 2012; Kono et al., 2012; Mahoney et al., 2007; Pighills, Torgerson, Sheldon, 
Drummond, & Bland, 2011; Rockwood et al., 2003; Szanton et al., 2011; van Hout et al., 2010) 
(Table 4; Appendix H). There was negligible heterogeneity among the 15 studies (I2 = 0%, p = 
0.46). The effect size d ranged from -0.09 to 0.69 across studies, with 3 having statistically 
significant effect sizes (Gill et al., 2004; Kerse et al., 2014; Szanton et al., 2011). The 
comprehensive geriatric assessment was often defined as a treatment process that incorporated 
medical, psychosocial or functional assessments to inform care plans for primary care teams. Older 
adults had less involvement in the development of care plans. Kerse et al. and Counsell et al. had 
multidisciplinary teams conduct the comprehensive geriatric assessment and provide suggestions 
to the primary care team for older adults. Results showed negligible effect sizes (d = 0.13; -0.05). 
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Gill et al.’s comprehensive geriatric assessment focused on impairments in physical abilities and 
home environments. Results showed a small to moderate effect size (d = 0.39; baseline to 12 
months). Szanton et al. collected both client-report and clinician-observe data to identify 
problematic ADL and environmental features for older adults. Results demonstrated a moderate to 
large effect size (d = 0.69; baseline to 6 months). Pighills et al. conducted comprehensive 
assessments and sent recommendations to older adults. They found a negative effect size in favor 
of the control group (d = -0.03). 
2.3.4.8 Cognitive training 
Cognitive training was an active ingredient of 5 interventions in 3 studies (Ball et al., 2002; 
Corbett et al., 2015; Ng et al., 2015). Data were insufficient to calculate effect sizes. 
2.3.4.9 Complex interventions 
Fifteen interventions were complex interventions, as indicated by having more than one 
active ingredient in the intervention (Table 4; Appendix I). There was no statistically significant 
heterogeneity among the 15 studies (I2 = 0.0%, p = 0.54). The effect size d ranged from -0.09 to 
0.88 across studies, with 6 studies having statistically significant effect sizes (Alexopoulos et al., 
2011; Callahan et al., 2005; Gill et al., 2004; Szanton et al., 2011; Villareal et al., 2006; von 
Bonsdorff et al., 2008). The number of active ingredients in the complex interventions was as 
followed: 2 (n = 3) (Cameron et al., 2013; Clare et al., 2015; Rockwood et al., 2003); 3 (n = 6) 
(Alexopoulos et al., 2011; Clare et al., 2015; Fairhall et al., 2012; King et al., 2012; Mahoney et 
al., 2007; von Bonsdorff et al., 2008); 4 (n = 4) (Callahan et al., 2005; Gill et al., 2004; Gitlin et 
al., 2006; Villareal et al., 2006); 5 (n = 2) (Dorresteijn et al., 2016; Szanton et al., 2011). 
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2.4 Discussion 
This review examined the science related to non-pharmacological intervention studies to 
reduce disability in community-dwelling older adults. The majority of included studies showed 
negligible to small effect sizes in minimizing disability. Yet, this finding may be argued to be 
clinically meaningful. For example, a small reduction of disability may slow down the progression 
toward severe disability and potentially reduce the cost of healthcare programs since healthcare 
expenditures are positively correlated with the severity of disability in the aging population 
(Manton, Gu, & Lamb, 2006). Interventions that included exercise, problem-solving, cognitive 
behavioral therapy, and environmental modification as active ingredients were associated with 
stronger effect sizes in reducing disability. We urge caution when interpreting this finding, given 
that the active ingredients were not mutually exclusive among interventions. The results may not 
be confirmatory until a systematic review in comparing active ingredients is completed.  
Altogether, these findings may inform future intervention strategies and priorities to reduce 
disability in late life. 
2.4.1  Negligible to small effect sizes across studies 
Several possibilities may explain the negligible to small effect sizes across studies. The use 
of diverse eligibility criteria across studies resulted in a range of disability severity statuses among 
participants in the studies. Most of the included studies included older adults with negligible to 
moderate disability. As such, the effect sizes may not be as large as those interventions which 
aimed to reduce disability for older adults who have already developed severe disability. This 
explanation is based on the assumption that older adults with severe disability may have room to 
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gain greater improvements than those with negligible or mild disability. Another explanation is 
our use of a conservative approach to calculate effect sizes, which has been suggested to generate 
conservative estimates (Feingold, 2009). Negligible to small effect sizes may result from the 
psychometric properties of measures of disability. A measurement with low sensitivity to change 
may fail to detect the true effects of intervention studies (Fok & Henry, 2015). Last, certain control 
groups (e.g., nutrition interventions) may have had some influence on disability rather than 
attention control groups, thus reducing the magnitude of effect sizes.  
Additionally, we found that the ranges of effect sizes varied from studies that focused on 
ADL, IADL, or ADL+IADL disabilities. Studies that focused on ADL disability had the widest 
range of effect sizes. Previous studies have suggested that ADL disability is more severe than 
IADL disability (Leibold et al., 2014). Thus, studies focused on reducing ADL disability may 
result in more changes than IADL disability. Future studies that aim to reduce disability may 
provide the rationale of how interventions may change ADL and IADL disability respectively. 
2.4.2  The effects of active ingredients on disability 
Many combinations of active ingredients were found in included interventions. The 
combination of problem-solving and environmental modification showed promise in reducing 
disability. This combination echoes current concept about the emergence of disability as a 
mismatch between personal strengths and environmental demands (World Health Organization, 
2002). Problem-solving focuses on building individuals’ problem-solving skills when facing 
barriers in ADL and IADL (D’Zurilla & Nezu, 2010). Whereas environmental modification 
changed contexture factors to match individuals’ needs (Petersson, Lilja, Hammel, & Kottorp, 
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2008). The change of both personal and contextual factors helps older adults engage in ADL and 
IADL and thus, reduce disability. 
Exercise showed promise in reducing disability; whereas comprehensive geriatric 
assessment found little or no effects on disability reduction. Interestingly, exercise and 
comprehensive geriatric assessment were often the only active ingredient in the interventions, 
comparing to goal setting and education that were often combined with other active ingredients. 
This suggests that active ingredients have different applicability and roles within interventions, 
and intervention effects are not determined by the number of active ingredients. Some active 
ingredients aim to initiate new behaviors while others aim to maintain preferred behaviors (Wood, 
Quinn, & Kashy, 2002). How to combine the most effective active ingredients to reduce disability 
require iterative case and pilot studies. 
The mode of delivery could differ within the same active ingredient. For example, goal 
setting could be led by practitioners, older adults, or caregivers. In this review, we found that goals 
were mostly determined by practitioners, instead of older adults or caregivers. Since practitioner-
selected goals may not always support an older adult autonomy and a family’s expectation to 
change behaviors (Locke & Latham, 2002), future studies should separate those three perspectives 
while examining the effects of goal setting on disability. 
Literature on comprehensive geriatric assessment has demonstrated its effectiveness for 
controlling disease progression and predicting mortality rates in late life (Stuck, Egger, Hammer, 
Minder, & Beck, 2002). While our ultimate goal was to reduce disability, the involvement of older 
adults and family in the care plan processes following the comprehensive geriatric assessment 
became critical to empower older adults and caregivers to drive behavioral changes (Krishnan et 
al., 2017). However, in our review, some interventions that incorporated comprehensive geriatric 
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assessment did not partner with older adults or their caregivers while making care plans. Thus, the 
potency of comprehensive geriatric assessment in reducing disability might not be as large as in 
controlling disease progression and mortality. 
2.4.3  The effects of complex interventions on disability 
The magnitudes of the effect sizes were not as large as we expected among studies that 
examined complex interventions. This might be due to a variety of possible reasons. First, complex 
interventions are “built up from more than one active ingredient, which may act both independently 
and interdependently. (p.455) (Campbell et al., 2007)” A clear understanding of how active 
ingredients worked with each other is a critical step. However, the effects of active ingredients 
were rarely compared or even described in the complex interventions. For example, does the 
combination of goal setting with exercise reduce more disability than the combination of goal 
setting with problem-solving? The unclarity of how active ingredients interacted with each other 
has impeded the design of optimal and efficacious interventions. Second, complex interventions 
might be inadequately applied (insufficient dosages) in an inappropriate environment (homes 
versus community settings) (Campbell et al., 2007; Craig et al., 2008). 
2.4.4  Strengths and limitations 
This study provided valuable insights. First, this review included studies that recruited 
older adults from negligible to severe disability, but this disability was not caused by acute medical 
conditions. The strategy provided a way to capture older adults at-risk for severe disability. 
Second, the active ingredients in driving the efficacy of non-pharmacological interventions were 
30 
explored. This information was critical to inform future intervention development and priorities. 
Third, disability was selected as the outcome, which was one of the top priorities to reduce the 
costly healthcare related to disability and sustain quality of life into old age. 
The findings should be interpreted cautiously. First, the quality of studies was not 
evaluated, which may influence the potency of evidence. Second, research has shown that, often 
times, the active ingredients of non-pharmacological interventions were not well described in the 
contents of manuscripts (Abraham & Michie, 2008). This limitation might impede the finding. 
Third, the adherence rates of interventions were not evaluated, which might influence the reported 
effects. The study dosage might influence the effects of interventions, especially to make 
behavioral changes. Last, there was considerable heterogeneity across 31 studies. These variances 
might contribute to eligibility criteria used in the studies, quality of interventions, and the selection 
of outcome measures. 
2.4.5  Future directions 
Reducing disability among community-dwelling older adults relies on a clear 
understanding of problematic areas in their ADL and IADL. By comprehensively understanding 
these day-to-day activities, researchers can investigate the barriers older adults confront and further 
inform those who are at high risk of further disability.  
Specifying and evaluating active ingredients in influencing intervention efficacy can 
provide valuable insights into why an intervention fails or succeeds, and how it can be optimized. 
For example, the multiphase optimization strategy (MOST) identifies active ingredients within 
interventions and optimizes dosages of each active ingredient to refine complex interventions (L. 
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M. Collins, Murphy, & Strecher, 2007). Future studies may adopt systematic protocols and 
methodologies to refine non-pharmacological interventions “prior to” the implementation phases. 
This, in turn, would help replication studies and support evidence-based practice. 
The measurements that assess disability should obtain sensitivity to capture the change in 
older adults with minimal disability. Early decline in disability is usually silent and fluctuating. 
An assessment that captures the change in disability for older adults must assess the quality of their 
performance in ADL and IADL (Freedman et al., 2014). 
In summary, non-pharmacological interventions involve many interacting active 
ingredients in mitigating disability for older adults. Future studies should specify and evaluate 
active ingredients within non-pharmacological interventions to optimize effects on disability in 
late life. This review identifies several research directions to reduce disability into old age.  
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3.0 Trajectory of Disability in Older Adults with Newly Diagnosed Diabetes Mellitus 
In Chapter 3, we examine the association between selected indicators of brain health and 
disability in older adults with a newly-diagnosed chronic condition, using diabetes mellitus (DM) 
as an exemplar. We examined the longitudinal associations among elevated depressive symptoms, 
cognitive decline, and disability over a 10-year period in older adults with a new diagnosis of DM. 
A portion of the chapter has been published: Wu CY, Terhorst L, Karp J, Skidmore ER, 
Rodakowski J. Trajectory of Disability in Older Adults with Newly Diagnosed Diabetes: Role of 
Elevated Depressive Symptoms. Diabetes Care. 2018; 41(10), 2072-2078. The content was 
reprinted with permission (Appendix J). 
3.1 Introduction 
The number of older adults will increase by an estimated threefold by 2050, and the number 
of older adults with diabetes mellitus (DM) is expected to increase by 4.5-fold (Narayan, Boyle, 
Geiss, Saaddine, & Thompson, 2006). DM costs $245 billion per year ($176 billion in direct 
medical costs, $69 billion in reduced productivity) in the U.S. and is well-known for its 
complications and association with disability (American Diabetes Association, 2013; de Rekeneire 
et al., 2003). 
Disability has been defined by the U.S. Census Bureau and National Institute on Disability, 
Independent Living, and Rehabilitation Research as the inability to perform activities of daily 
living (ADL) and instrumental ADL (IADL) (Kraus, 2017; Ortman et al., 2014). ADL is essential 
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to sustain self-care (e.g., dressing, eating), whereas IADL are critical for independent living (e.g., 
shopping, preparing a meal). Emerging evidence suggests that the prevalence of disability is 
growing in older adults with DM (J. P. Boyle, Thompson, Gregg, Barker, & Williamson, 2010). 
DM-related disability is problematic because it may lead to reduced quality of life, 
institutionalization, substantial health care costs, and early death (Dieleman et al., 2016; Selvin, 
Coresh, & Brancati, 2006). Identifying factors associated with DM-related disability early in the 
course of the disease may aid in the prevention of disability and save substantial health care costs. 
Examining indicators of brain health may enhance our understanding of the disablement 
trajectory associated with DM in late life. Elevated depressive symptoms and cognitive decline 
were the indicators of brain health that are often comorbid with medical conditions in late life. 
Elevated depressive symptoms are often seen in older adults with newly diagnosed DM. 
Epidemiologic and clinical evidence suggests that 22.0% to 32.0% of older adults have DM (Black, 
Markides, & Ray, 2003; Kirkman et al., 2012), and 24.0% to 55.0% of these older adults have 
clinically significant depressive symptoms (Anderson, Freedland, Clouse, & Lustman, 2001; Roy 
& Lloyd, 2012). Depressive symptoms and DM have a bidirectional and mutually exacerbating 
relationship (Egede & Ellis, 2010) that may be mediated by behavioral and physiologic 
mechanisms (Lustman & Clouse, 2005). For example, after a new DM diagnosis, depressive 
symptoms may co-occur with metabolism dysregulation (Stuart & Baune, 2012). The somatic 
features of depressive symptoms (e.g., lack of energy, sleep disturbance) often interfere with 
adopting necessary healthy behaviors (e.g., medication management, exercise) (J. S. Gonzalez et 
al., 2008; Lin et al., 2004), worsening a vicious cycle of poor glucose control, inactivity, and low 
mood (Egede & Ellis, 2010; Nagelkerk, Reick, & Meengs, 2006). Symptoms of acute 
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hyperglycemia, including fatigue, nausea, frequent urination, and recurrent infections, also may 
cause or exacerbate depressive symptoms (Lustman & Clouse, 2005). 
Subtle cognitive changes are often seen and reported in older adults with newly diagnosed 
DM (Rawlings et al., 2014). Cognitive decline is defined by the loss of cognitive domains, 
including memory, processing speed, or executive cognitive function. A systematic review 
suggests that individuals with a diagnosis of DM have 1.2 to 1.7 times odds of having cognitive 
decline (Cukierman, Gerstein, & Williamson, 2005). After a new DM diagnosis, brain imaging 
studies reveal brain volume reductions and these reductions mirror decline in cognitive function 
(Biessels, Strachan, Visseren, Kappelle, & Whitmer, 2014). Cognitive decline is problematic, 
because difficulties with remembering daily tasks, processing information, and switching between 
tasks may temper the ability to learn disease self-management and engage in everyday activities 
for those with newly-diagnosed DM. The less engagement in self-care and everyday activities may 
potentially lead to worsening health and function in late life. 
Although it has been established that depressive symptoms and cognitive decline are 
associated with chronic diseases and worse health outcomes over time, we have little 
understanding of the influence of elevated depressive symptoms and cognitive decline on the 
disablement trajectory in older adults with newly diagnosed DM. Older adults who have a change 
in elevated depressive symptoms or cognitive decline after being diagnosed medical conditions 
(e.g., the onset of DM) are at risk of further psychiatric and neurological complications (E. I. Fried 
& Nesse, 2015; Jeffrey S. Gonzalez et al., 2007) and deteriorated health over time (Judd & Akiskal, 
2000). The understanding of the similarities or differences in the trajectories of disability between 
older adults with and without elevated depressive symptoms and cognitive decline may aid in 
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current research through early identification of older adults at risk for disability. The timing and 
design of future interventions may be tailored based on this evidence. 
The study examined whether the disablement trajectory before and after the diagnosis of 
DM was different between older adults with and without elevated depressive symptoms and 
cognitive decline. The Health and Retirement Study (HRS) dataset provided the opportunity to 
examine the longitudinal association among elevated depressive symptoms, cognitive decline with 
disability over a 10-year period in older adults with newly diagnosed DM. 
3.2 Methods 
3.2.1  Data and subjects 
The HRS is a longitudinal dataset that was sponsored by the National Institute on Aging 
and was conducted by the University of Michigan (University of Michigan, 2016). The HRS 
dataset included a representative sample of 20,000 people age > 50 years. The HRS followed 
nationally representative samples of age-eligible respondents every 1–2 years. All the HRS survey 
data were collected by either phone or face-to-face interview by trained interviewers. The HRS 
survey data included demographics, work, health, functioning status, and disease conditions. The 
HRS dataset also included information about respondents’ children and spouses. 
We extracted survey data from the HRS cohorts from wave 8 (2004–2006) to wave 12 
(2012–2014) because wave 12 had the most recent survey data. The response rates ranged from 
87.9 to 88.6% among waves 8 to 12. Respondents who 1) self-reported being newly diagnosed 
with DM between waves 9 and 10, 2) were ≥ 55 years, and 3) had complete depressive symptoms, 
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cognitive function, and disability survey data were included in this study. In the HRS dataset, we 
identified eligible respondents in wave 10 to examine disablement before (waves 8 and 9) and after 
(waves 10–12) the onset of DM. A total of 512 respondents who met the inclusion criteria were 
identified in the HRS data. We excluded 93 and 248 who had missing values for depressive 
symptoms and cognitive function respectively; thus, 419 and 264 participants were included in the 
analyses separately. 
3.2.2  Measures 
3.2.2.1 Disability 
Disability was measured by 5 ADL and 5 IADL tasks. Participants were asked whether 
they had difficulty with performing each task (yes/no). The total disability score ranged from 0 to 
10, with a higher score indicating more disability. A cut point of 1 indicated the development of 
clinically meaningful, overt disability (Stenholm et al., 2015). In this study, separating two types 
of daily activities was important because ADL represented self-care tasks (e.g., bathing, eating), 
whereas IADL represented more complex tasks required for successful independent living (e.g., 
shopping, preparing meals) in older adults. 
3.2.2.2 Depressive symptoms 
Depressive symptoms were measured by the eight-item Center of Epidemiologic Studies 
Depression Scale (CESD) (Turvey, Carney, Arndt, Wallace, & Herzog, 1999), a self-report 
questionnaire with total scores ranging from 0 to 8, with a higher score indicating more somatic 
and mood symptoms. We measured depressive symptoms with the CESD after participants 
received a diagnosis of DM and separated these individuals into two groups: those who had 
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elevated depressive symptoms (elevated score on the CESD) from wave 9 to 10 and those who 
had the same or reduced depressive symptoms from wave 9 to 10. This approach would help to 
capture those with a tendency toward psychiatric complications and deteriorated health after the 
onset of DM (E. I. Fried & Nesse, 2015; Jeffrey S. Gonzalez et al., 2007). 
3.2.2.3 Cognitive decline 
Cognitive function was measured by survey questions addressing four cognitive domains: 
recall memory, working memory, processing speed, and naming. Recall memory was assessed by 
two-word recall tests: immediate and delayed. The two test scores were summed for a total score 
ranging from 0 to 20, with a higher score indicating better recall ability. Working memory was 
assessed by the serial sevens subtraction test. The total score ranged from 0 to 5, with a higher 
score indicating better working memory. Processing speed was assessed by counting backwards 
beginning with 20, a total score ranging from 0 to 2. Naming was assessed by an eight-item object, 
date, and President/Vice-President naming test (0 = incorrect and 1 = correct). The naming score 
was summed across items and ranged from 0 to 8. The summary cognition score ranged from 0 to 
35, with a higher score indicating higher cognitive function. Prior research reported the summary 
cognition score had moderate internal consistency (α = 0.59) (J. S. Gonzalez et al., 2008). We 
grouped older adults with DM into two groups: those with cognitive decline (reduced score on the 
summary cognition score from wave 9 to 10) and without cognitive decline (the same or increased 
summary cognition score from wave 9 to 10). 
3.2.2.4 Demographic variables 
We described the demographic and clinical characteristics of the sample by examining age, 
sex, years of education, race, ethnicity, marital status, comorbidity, and body mass index (BMI). 
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Comorbidity was measured by self-reported conditions (defined as high blood pressure, cancer or 
a malignant tumor, chronic lung disease, heart attack, stroke, psychiatric problems, or arthritis) 
before the onset of DM. We did not include health behaviors (e.g., smoking cessation, physical 
activity) and income variables because of the amount of missing data for those variables. 
3.2.3  Statistical analysis 
We used SPSS (version 22; IBM Corporation, Chicago, IL) and SAS (version 9.3; SAS 
Institute, Cary, NC) statistical software for data analysis. All the analyses were considered 
significant at the 0.05 two-tailed α-level. Disability was the dependent variable. Groups (with or 
without elevated depressive symptoms after the onset of DM; with or without cognitive decline 
after the onset of DM) and time (waves 8 to 12) were independent variables. We examined 
descriptive statistics, distribution plots, normality, and heterogeneity for the dependent variable 
(disability) over five waves to check the assumptions of the longitudinal linear mixed model 
(Singer, 1998). These assumptions were not met; therefore, we used the generalized linear mixed 
model with a Poisson distribution and an unstructured covariance matrix. The model included a 
group × time interaction as well as group (older adults with and without elevated depressive 
symptoms; cognitive decline) and time (waves 8 to 12) simple main effects. We treated the 
intercept of disability within participants as a random-effect variable. We controlled for wave 9 
depressive symptoms (wave 9 cognitive function) in the model to take into account the severity of 
depressive symptoms (the level of cognitive function) before the onset of DM. 
We conducted post hoc analysis and the Bonferroni correction for significance level 
adjustment after detecting a group × time interaction. Effect sizes were computed between groups 
for the five waves to determine the clinical meaningfulness of group differences. The magnitude 
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of effect sizes was followed by Cohen’s d (0.2 = small, 0.5 = moderate, 0.8 = large). The χ2 test 
was used to examine whether there were group differences in percentages of participants who 
experienced difficulties with the 10 ADL and IADL tasks at wave 10. Two steps were used to 
identify covariates in the model. First, group differences in demographic variables at wave 10 were 
examined by t and χ2 statistics to identify potential covariates included in the model. Second, the 
relationships between disability and demographic variables were examined to identify variables 
with moderate associations (Pearson r = 0.3) to include as covariates in the model. 
3.3 Results 
3.3.1  Depressive symptoms 
3.3.1.1 Subjects 
A total of 419 participants with 1,956 observations (time points of data) were included in 
the analysis. Statistically significant differences were found between the two groups in years of 
education, marital status, and working memory at wave 10 (Table 5). No variable was moderately 
associated with disability (age [r = 0.03], sex [r = 0.09], race [r = 0.10], ethnicity [r = 0.07], years 
of education [r = -0.19], marital status [r = 0.18], self-report memory [r = 0.18], recall memory [r 
= -0.20], working memory [r = -0.16], and BMI [r = 0.17]).
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Table 5 Descriptive statistics in older adults with new DM  diagnosis at wave 10 (n = 419) 
Characteristics [n (%)] All   
With elevated 
depressive 
symptoms 
Without elevated 
depressive 
symptoms 
t-statistics/     
χ2-statistics p-value 
419 (100%) 113 (27.0) 306 (73.0)   
Age [mean (SD)] 70.30 (8.62) 71.05 (8.52) 70.02 (8.65) t(417)=-1.09 0.28 
Gender [n (%)]       χ2(1)=2.50 0.11 
     Male  199 (47.5%) 46 (40.7) 153 (50.0)   
     Female 220 (52.5%) 67 (59.3) 153 (50.0)   
Race [n (%)]       χ2(2)=5.49 0.06 
     White 329 (87.1%) 80 (70.8) 249 (81.4)   
     Black 62 (14.8%) 23 (20.4) 39 (12.7)   
     Other race 28 (6.7%) 10 (8.8) 18 (5.9)   
Ethnicity [n (%)]       χ2(1)=3.80 0.05 
     Hispanic 54 (12.9%) 21 (18.6) 33 (10.8)   
     Non-Hispanic 365 (87.1%) 92 (81.4) 273 (89.2)   
Year of education [mean (SD)] 12.48 (3.20) 11.85 (3.35) 12.71 (3.12) t(416)=2.46 0.01* 
Marital status [n (%)]       χ2(1)=8.41 <.001* 
     Married 250  (59.7%) 54 (47.8) 196 (64.1)   
     Not married 169  (40.3%) 59 (52.2) 110 (35.9)   
Characteristics of comorbidity [n (%)]         
     High blood pressure 316 (73%) 91 (80.5) 225 (73.5) χ2(1)=1.82 0.18 
     Cancer 87 (20.8%) 26 (23.0) 61 (19.9) χ2(1)=0.31 0.58 
     Lung disease 52 (12.4%) 16 (12.4) 36 (11.8) χ2(1)=0.24 0.62 
     Heart problems 142 (33.9%) 39 (34.5) 103 (33.7) χ2(1) <0.01 0.96 
     Stroke 30 (7.2%) 10 (8.8) 20 (6.6) χ2(1)=0.35 0.55 
     Arthritis 288 (68.7%) 83 (73.5) 205 (67.0) χ2(1)=1.32 0.25 
     Psychiatric conditions [n (%)] 73 (17.4%) 25 (22.1) 48 (15.7) χ2(1)=1.95 0.16 
Body Mass Index [mean (SD)] 29.83 (6.01) 29.80 (5.91) 29.84 (6.05) t(412)=0.05 0.96 
Cognitive function [mean (SD)]         
     Self-report memory 3.11 (0.94) 3.25 (0.95) 3.07 (0.94) t(417)=-1.76 0.08 
     Recall† 9.57 (3.44) 9.43 (3.46) 9.62 (3.44) t(417)=0.49 0.63 
     Working memory† 3.44 (1.70) 3.02 (1.87) 3.60 (1.61) t(417)=3.14 0.02* 
Depressive symptoms [mean (SD)] 1.39  (1.89) 3.14 (2.10) 0.75 (1.31) t(417)=-13.93 <.001* 
Acquired disability [n (%)] 102 (24.3%) 39 (34.5) 63 (20.6) χ2(1)=7.95 <.001* 
† Higher scores indicate better cognitive function; *p-value < 0.05 
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3.3.1.2 Generalized linear mixed model 
An interaction effect was found between time (waves) and group after controlling for years 
of education, marital status, working memory, and wave 9 depressive symptoms (F4,4 = 3.52; p = 
0.01). This result indicated that the change in disability differed by groups over time (Figure 3). 
 
 
Figure 3 Trajectory of disability, with and without elevated depressive symptoms 
3.3.1.3 Post hoc analysis – Between-group 
We conducted post hoc tests for group differences from waves 8 to 12. Significant between-
group differences were found in disability after the onset of DM at wave 10 (t861.3 = -2.21; p = 
0.03) and wave 11 (t829.6 = -2.53; p = 0.01), but not at wave 12 (t877.6 = -1.62; p = 0.11). There was 
no significant difference in disability between groups before the onset of DM at wave 8 (t1,277 = -
0.61; p = 0.55) and wave 9 (t1,275 = 0.56; p = 0.58). Small to moderate effect sizes were found from 
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waves 10 to 12 (d = 0.33 to 0.37), and negligible effect sizes were found at waves 8 and 9 (d = 
0.13 and d = 0, respectively). 
3.3.1.4 Post hoc analysis – Within-group 
Among older adults with elevated depressive symptoms, post-DM diagnosis waves (10–
12) had significantly more disability than pre-DM diagnosis wave 8 ([t1,947 = -3.53, p < .001; t1,947 
= -4.99, p < .001; t1,947 = -5.07, p < .001]); and wave 9 ([t1,947 = 4.21, p < .001; t1,947 = 5.63, p < 
0.001; t1,947 = 5.70, p < .001]). Clinically overt disability was found after the diagnosis of DM 
(wave 11 mean disability score 1.19, wave 12 mean disability score 1.20) in those who had 
elevated depressive symptoms at the time of DM diagnosis (Table 6). 
 
Table 6 The level of disability at 5 waves 
Disability Participants 
Wave 8 
(2004-6) 
Wave 9 
(2006-8) 
Wave 10 
(2008-10) 
Wave 11 
(2010-12) 
Wave 12 
(2012-14) 
ADL [mean 
(SD)] 
All participants 0.25 
(0.72) 
0.26 
(0.76) 
0.31 
(0.83) 
0.39 
(0.96) 
0.42  
(0.99) 
 With elevated depressive 
symptoms  
0.32 
(0.81) 
0.28 
(0.82) 
0.50 
(1.05) 
0.63 
(1.22) 
0.68  
(1.29) 
 Without elevated 
depressive symptoms 
0.22 
(0.68) 
0.25 
(0.73) 
0.25 
(0.72) 
0.31 
(0.83) 
0.33  
(0.85) 
IADL [mean 
(SD)] 
All participants 0.15 
(0.57) 
0.17 
(0.54) 
0.27 
(0.75) 
0.30 
(0.88) 
0.32  
(0.87) 
 With elevated depressive 
symptoms  
0.20 
(0.53) 
0.18 
(0.50) 
0.44 
(0.99) 
0.55 
(1.22) 
0.52  
(1.08) 
 Without elevated 
depressive symptoms 
0.14 
(0.59) 
0.17 
(0.55) 
0.21 
(0.63) 
0.21 
(0.70) 
0.26  
(0.78) 
ADL+IADL 
[mean (SD)] 
All participant  0.40 
(1.18) 
0.43 
(1.15) 
0.59 
(1.33) 
0.69 
(1.65) 
0.74  
(1.65) 
 With elevated depressive 
symptoms  
0.53 
(1.20) 
0.46 
(1.14) 
0.94 
(1.72) 
1.19 
(2.16) 
1.20  
(2.21) 
 Without elevated 
depressive symptoms 
0.35 
(1.17) 
0.42 
(1.15) 
0.46 
(1.13) 
0.51 
(1.38) 
0.58  
(1.38) 
Note: The bold values suggested that there was an overt disability observed at wave 11 and 12 in older adults 
with elevated depressive symptoms. 
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Among older adults with elevated depressive symptoms, no significant difference was 
found in disability between pre-DM diagnosis waves (8 and 9) (t1,947 = 0.69; p = 0.49). There were 
no significant differences in disability among post-DM diagnosis waves (10 and 11 [t1,947 = -1.70; 
p = 0.09], 10 and 12 [t1,947 = 1.92; p = 0.05], 11 and 12 [t1,947 = 0.31; p = 0.76]). 
3.3.1.5 Post hoc analysis – ADL and IADL disabilities between groups 
No between-group differences were found in ADL or IADL disability over time (F4,4 = 
2.08 [p = 0.08], F4,4 = 1.66 [p = 0.16], respectively), after controlling for years of education, marital 
status, working memory, and wave 9 depressive symptoms. There were significant group 
differences in the percentages of participants who experienced difficulties with eating [χ2(1) = 4.36; 
p = 0.04], getting in/out of bed [χ2(1) = 4.79; p = 0.03], managing medication [χ2(1) = 5.99; p = 0.01], 
preparing meals [χ2(1) = 6.27; p = 0.01], and shopping [χ2(1) = 5.65; p = 0.02] at wave 10 (Figure 
4). 
The percentages of participants reporting difficulties with 10 ADL and IADL tasks were 
higher in those with elevated depressive symptoms (5.3% to 15.0%) than in those without elevated 
depressive symptoms (1.6% to 8.5%) at wave 10. Among those with elevated depressive 
symptoms, 1 in 7 older adults (15.0%) reported difficulties in dressing and shopping, and 1 in 10 
older adults (10.0%) reported difficulties in walking and meal preparation (Figure 4). 
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Figure 4 Percentages of participants experiencing difficulties in ADL and IADL at wave 10 
3.3.2  Cognitive decline 
3.3.2.1 Subject 
A total of 264 participants with 1,320 observations (time points of data) were included in 
the analysis. A statistically significant difference was found in age between the two groups at wave 
10 (Table 7). No variable was moderately associated with disability (age [r = 0.03], sex [r = 0.09], 
race [r = 0.10], ethnicity [r = 0.07], years of education [r = -0.19], marital status [r = 0.18], and 
BMI [r = 0.17]).
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Table 7 Descriptive statistics in older adults with new DM diagnosis at wave 10 (n = 264)
Characteristics [n (%)] All 
With cognitive 
decline 
Without cognitive 
decline t-statistics/     
χ2-statistics p-value 264 (100.0) 147 (55.7) 117 (44.3) 
Age [mean (SD)] 75.51 (6.15) 76.29 (6.35) 74.53 (5.77) t262=2.32 0.02* 
Gender [n (%)]       χ2(1)=1.01 0.32 
     Male  124 (47.0) 65 (44.2) 59 (50.4)   
     Female 140 (53.0) 82 (55.8) 58 (49.6)   
Race [n (%)]       χ2(2)=0.13 0.94 
     White 212 (80.3) 117 (79.6) 95 (81.2)   
     Black 43 (16.3) 25 (17.0) 18 (15.4)   
     Other race 9 (3.4) 5 (3.4) 4 (3.4)   
Ethnicity [n (%)]       χ2(1)=0.01 0.91 
     Hispanic 22 (8.3) 12 (8.2) 10 (8.5)   
     Non-Hispanic 242 (91.7) 135 (91.8) 107 (91.5)   
Year of education [mean (SD)] 12.08 (3.29) 11.73 (3.47) 12.53 (2.99) t262=-1.98 0.05 
Married [n (%)] 147  (55.7) 85  (57.8) 62 (53.0) χ2(1)=0.62 0.43 
Characteristics of comorbidity [n (%)]         
     High blood pressure 204 (77.3) 111 (75.5) 93 (79.5) χ2(1)=0.59 0.44 
     Cancer 63 (23.9) 35 (23.8) 28 (23.9) χ2(1)<0.01 0.98 
     Lung disease 38 (14.4) 21 (14.3) 17 (14.5) χ2(1)<0.01 0.96 
     Heart problems 98 (37.1) 58 (39.5) 40 (34.2) χ2(1)=0.78 0.38 
     Stroke 23 (8.7) 15 (10.2) 8 (6.8) χ2(1)=0.93 0.34 
     Arthritis 194 (73.5) 111 (75.5) 83 (70.9) χ2(1)=0.70 0.40 
     Psychiatric conditions 41 (15.5) 17 (11.6) 24 (20.5) χ2(1)=3.98 0.05 
Body Mass Index [mean (SD)] 29.45 (5.46) 29.46 (5.16) 29.45 (5.83) t259=0.02 0.99 
Cognitive function [mean (SD)]         
     Self-report memory 3.14 (0.93) 3.20 (0.97) 3.08 (0.88) t262=1.04 0.30 
     Recall† 9.01 (3.50) 7.70 (3.33) 10.66 (2.99) t262=-7.50 <.001* 
     Working memory† 3.29 (1.77) 3.06 (1.82) 3.58 (1.67) t262=-2.39 0.02* 
Depressive symptoms [mean (SD)] 1.37  (1.86) 1.22 (1.87) 1.56 (1.82) t262=-1.45 0.15 
Acquired disability [n (%)] 68 (25.8) 38 (25.9) 30 (25.6) χ2(1)<0.01 0.97 
† Higher scores indicate better cognitive function; *p-value < 0.05 
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3.3.2.2 Generalized linear mixed model 
There was no significant interaction effect between time (waves) and group, after 
controlling for age and wave 9 cognitive function (F4,1206 = 1.83, p = 0.12). This result indicated 
that the change in disability did not differ by groups over time (Figure 5). 
 
 
Figure 5 The trajectory of disability, with and without cognitive decline 
3.3.2.3 Post hoc analysis – Between groups 
There was no significant group effect on disability (F1,305 = 3.44, p = 0.06). Small effect 
sizes were found at wave 11 to 12 (d = 0.20; 0.21, respectively), and negligible effect sizes were 
found at wave 8, 9, and 10 (d = 0 – 0.13). 
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3.3.2.4 Post hoc analysis – Within groups  
There was a significant time effect on disability (F4,1206 = 16.52, p < .001). Among older 
adults with cognitive decline, post-DM waves (11 and 12) had significantly more disability than 
pre-DM wave 8 ([t1206 = -4.93, p < .001; t1206 = -5.95, p < .001]) and wave 9 ([t1206 = 5.65, p < .001; 
t1206 = 6063, p < .001]). Clinically overt disability was found after the diagnosis of DM (wave 12 
mean disability score 0.96) in those who had cognitive decline at the time of DM diagnosis (Table 
8). 
 
Table 8 The level of disability at 5 waves 
Disability Participants 
Wave 8 
(2004-6) 
Wave 9 
(2006-8) 
Wave 10 
(2008-10) 
Wave 11 
(2010-12) 
Wave 12 
(2012-14) 
ADL [mean (SD)] All participants 0.24 
(0.65) 
0.25 
(0.71) 
0.35 
(0.88) 
0.42 
(0.98) 
0.45  (1.01) 
 With cognitive 
decline  
0.27 
(0.73) 
0.22 
(0.71) 
0.34 
(1.92) 
0.49 
(1.12) 
0.52  (1.09) 
 Without cognitive 
decline 
0.20 
(0.55) 
0.28 
(0.72) 
0.37 
(0.84) 
0.34 
(0.79) 
0.37  (0.90) 
IADL [mean (SD)] All participants 0.13 
(0.45) 
0.12 
(0.39) 
0.24 
(0.66) 
0.31 
(0.91) 
0.35  (0.94) 
 With cognitive 
decline 
0.15 
(0.52) 
0.15 
(0.41) 
0.30 
(0.75) 
0.39 
(1.06) 
0.44  (1.13) 
 Without cognitive 
decline 
0.10 
(0.35) 
0.09 
(0.36) 
0.17 
(0.51) 
0.21 
(0.69) 
0.24  (0.60) 
ADL+IADL [mean 
(SD)] 
All participant  0.37 
(1.01) 
0.37 
(0.95) 
0.59 
(1.31) 
0.73 
(1.67) 
0.80  (1.74) 
 With cognitive 
decline 
0.42 
(1.15) 
0.37 
(0.95) 
0.64 
(1.39) 
0.88 
(1.92) 
0.96  (2.04) 
 Without cognitive 
decline 
0.29 
(0.79) 
0.37 
(0.94) 
0.54 
(1.20) 
0.55 
(1.29) 
0.61  (1.25) 
Note: The bold values suggested that there was an overt disability observed at wave 12 in older adults with 
cognitive decline 
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3.3.2.5 Post hoc analysis – ADL and IADL disabilities between groups 
There were no between-group differences in ADL or IADL disability over time (F4,1206 = 
0.20, p = 0.94; F4,1206 = 1.99, p = 0.09), after controlling for age and wave 9 cognitive function. 
There were no significant group differences in the percentages of participants who experienced 
difficulties in any activity tasks at wave 10 (Figure 6). 
 
Figure 6 Percentages of participants experiencing difficulties in ADL and IADL at wave 10 
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3.4 Conclusion 
Among older adults with newly diagnosed DM, those with elevated depressive symptoms 
had a clinically relevant and faster disablement trajectory than those without elevated depressive 
symptoms. Those with cognitive decline had an accelerated disablement trajectory, but this 
trajectory did not differ with those without cognitive decline. A disability score 1 is a threshold 
that suggests overt difficulties in performing ADL and IADL. The disability threshold was not 
crossed when disablement was examined across all the participants (n = 419) or in those with DM 
only. However, clinically overt disability was observed soon by 2 years (wave 11) and still 
presented at 4 years (wave 12) if elevated depressive symptoms were present at the time of DM 
diagnosis. Clinically overt disability was also observed at 4 years (wave 12) in those with cognitive 
decline. These findings suggested that elevated depressive symptoms and cognitive decline should 
be monitored and tracked after DM diagnosis to early prevent disablement progression for older 
adults. 
The emergence of disability before clinically overt disability is a critical time to intervene. 
Usually, older adults with the emergence of disability are found to adjust their daily tasks or spend 
more time to complete daily tasks (L. P. Fried et al., 1991). For example, older adults with new-
onset DM may carry fewer items than previously while shopping. Another example is that older 
adults may take a longer time to prepare meals than previously. These changes, although subtle, 
potentially suggest the emergence of disability. The emergence of disability may soon shift to overt 
disability, which is the incapability to complete ADL or IADL independently. In this study, we 
found that older adults showed signs of emerging disability upon new-onset DM and soon shifted 
to clinically overt disability within 4-year post-DM. Early identification of those with elevated 
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depressive symptoms and cognitive decline upon new DM is warranted to slow the accelerated 
disablement progression. 
Many possible mechanisms may explain why elevated depressive symptoms were 
associated with a faster disability trajectory (Bruce, 2001). The literature indicates that older adults 
with depressive symptoms experience subtle changes in their daily activities. Perhaps due to 
anhedonia or apathy, these older adults may develop sedentary behaviors, give up social activities 
and healthy lifestyle practices (e.g., adherence to medication management, healthy meal 
preparation) (Kiosses & Alexopoulos, 2005; Leibold et al., 2014). More time spent being 
sedentary, socially isolated, and practicing unhealthy lifestyle behaviors is associated with an 
increased risk of incident disability among community-dwelling older adults (James, Boyle, 
Buchman, & Bennett, 2011). Elevated depressive symptoms also may be associated with biologic 
dysregulation (e.g., hormones, neurotransmitters) that leads to disability especially when DM is 
newly diagnosed (Pan et al., 2012). Elevated depressive symptoms may coexist with declines in 
memory and executive function, further decreasing the ability to perform IADL (Mehta et al., 
2002), including medication management, meal preparation, and shopping. Older adults with 
elevated depressive symptoms may also sense a greater degree of disability than they actually 
experience (Bruce, 2001). 
Interestingly, post-hoc analyses showed that the differences in disability were statistically 
reliable at waves 10 and 11 but not at wave 12 between depression groups. The differences in 
significance may be due to participant attrition from wave 10 to wave 12. The group with elevated 
depressive symptoms had a 23.0% attrition rate from wave 10 to wave 12, which was higher than 
the group without elevated depressive symptoms (16.6%). Those who dropped out might have 
experienced more disability, which may have contributed to the insignificant between-group 
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differences observed at wave 12. Of note, the small to moderate effect sizes throughout the post-
DM diagnosis waves (10 – 12) were detected. These early distinct differences may be the 
determinant of long-term disability and high health care costs. For example, Fried et al. (L. P. 
Fried, Ferrucci, Darer, Williamson, & Anderson, 2004) found that older adults with disabilities 
spent $2,700 more per person on health care than those without disabilities. In addition, older 
adults with both DM and depressive symptoms had 4.5 times more health expenditures to manage 
their disability than those with DM only (Egede, Zheng, & Simpson, 2002). 
Surprisingly, there was no significant difference in the disablement trajectories between 
those with and without cognitive decline. Although there was no group difference at any wave, we 
found small to moderate effect sizes at post-DM diagnosis waves (11 – 12). Previous studies 
suggested that cognitive decline progressed slowly over time in those with newly-diagnosed DM 
(Biessels et al., 2014). Plausibly, the slow cognitive decline may signal slight brain vascular 
damage and atrophy (Biessels et al., 2014); yet, this cognitive decline could be compensated until 
more accumulation of brain damage that could lead to clinically overt disability many years post 
DM diagnosis. In our study, we observed clinically overt disability in those with cognitive decline 
4-year after DM diagnosis. This suggested that the effects of cognitive decline may not be evident 
until the follow-up duration was adequate. More, specific cognitive domains may accelerate 
disablement at the early stages of DM than the others. Spauwen and colleagues found that 
processing speed was the only cognitive domain declined after newly-diagnosed DM (Spauwen, 
Köhler, Verhey, Stehouwer, & van Boxtel, 2013). This reduced processing speed may be 
associated with reduced competency on managing medication, finance, and preparing meals, 
which ultimately lead to difficulties in ADL and IADL tasks (Owsley, Sloane, McGwin, & Ball, 
2002). Additionally, the severity of DM upon newly diagnosed may contribute to accelerated 
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cognitive decline (Yaffe et al., 2012) . Our study did not examine the effects of specific cognitive 
domains and the severity of DM on disability due to limited secondary data. Future studies may 
examine the roles of cognitive domains and disease severity on disablement trajectories in older 
adults at risk for disability, especially for those with new medical conditions. 
When we separated disability into ADL and IADL disabilities, no significant between-
group differences were found in either depression or cognitive groups. Elevated depressive 
symptoms may be associated with disability in the spectrum of daily activities from basic (e.g., 
ambulation, eating) to complex (e.g., shopping) rather than with a specific type of daily activity. 
This finding may contribute to elevated depressive symptoms being associated with slower gait 
speed and movements, causing difficulties in ambulation and dressing (Brandler, Wang, Oh-Park, 
Holtzer, & Verghese, 2012). Elevated depressive symptoms also interacted with cognitive decline 
that contributes to difficulties in shopping and meal preparation (McGuire, Ford, & Ajani, 2006). 
These activities are critical self-management tasks to stabilize DM disease courses (Lin et al., 
2004). The inability to go shopping, prepare meals, walk, and dress may lead to poor nutrition, an 
inactive life, and poor skin care, which may potentially deteriorate DM disease control and create 
a vicious cycle toward long-term disability (Volpato et al., 2003). 
Among all the participants, one in four (24.3%) had disability. The risk of disability was 
higher when older adults had relapsing or remitting mood and cognitive changes. One in three and 
four older adults (34.5%; 25.9%) acquired disability if they had elevated depressive symptoms and 
cognitive decline respectively. In addition, nearly 15% of older adults with elevated depressive 
symptoms reported difficulties in dressing and shopping, which matched the results from other 
studies that recruited older adults with long-term DM (13.5% to 31.5%) (Maty et al., 2004). This 
finding suggested that older adults with new-onset DM and change in brain indicators may have 
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an accelerated path to disability that older adults with long-term DM had already experienced. This 
suggested an indicated approach to disability prevention for older adults with newly diagnosed 
DM. 
We acknowledge limitations in this study. Because of the nature of secondary data analysis, 
we included older adults who self-reported that they were diagnosed with DM since their last study 
interview. We did not know the exact dates of the DM diagnosis or specific times of diagnosis to 
follow-up interviews of depressive symptoms and cognitive function. Our disability measurement 
was self-reported and may be influenced by the perceptions of participants instead of objective 
measures. We did not have a measure of DM severity in the data set, especially fasting glucose or 
hemoglobin A1c, which may be associated with comorbidity and further complicate the 
relationship between elevated depressive symptoms, cognitive decline, and disablement trajectory. 
Plausibly, the trajectory of disability between groups may be driven by demographic 
characteristics (e.g., race, ethnicity) or comorbidity. We controlled for years of education, marital 
status, working memory, wave 9 depressive symptoms, and wave 9 cognitive function as 
covariates in our analysis, but no other variables met criteria for covariates. 
This study had many strengths. First, we included five waves of data to examine a 10-year 
disablement trajectory in older adults with newly diagnosed DM. Often, the disablement trajectory 
was subtle and hard to identify within just a few years. These longitudinal data provided the 
opportunity to detect the transition of disability before and after DM diagnosis in older adults. 
Second, we found that elevated depressive symptoms were a determinant of steeper disablement 
in older adults with newly diagnosed DM, whereas those with cognitive decline was a risk 
population with more severe disability over time. In this study, we conceptualized depressive 
symptoms and cognitive function as a relapsing and remitting indicators of brain health in 
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influencing health over time. We took a different approach to capture severity change in depressive 
symptoms and cognitive function, which was different from a traditional approach that assessed a 
categorical diagnosis. Third, the time points when disability emerged (2 years from new onset of 
DM) and sustained (2 to 4 years from new onset of DM) also were captured through these 
longitudinal data, suggesting the need for early interventions for older adults with both new-onset 
DM and depression or cognitive decline. Future interventions should take an indicated approach 
to disability prevention in older adults with newly diagnosed DM, especially for those with a 
change in depression severity and cognition during the window before and after the diagnosis of 
DM. 
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4.0 Patterns of Everyday Activities in Older Adults At-risk for Disability 
In Chapter 4, we studied patterns of everyday activities in older adults at-risk for 
disability. We examined the feasibility and usability of mobile technology to detect the patterns of 
everyday activities via a measurement burst design. The chapter has been developed into a 
manuscript, titled “Variability of Everyday Activities among Older Adults At-risk for Disability” 
for submission to a peer-reviewed journal to be named. 
4.1 Introduction 
Disability, the inability to sustain independence, has affected one-third of the aging 
population and led to extra out-of-pocket expenditures on long-term care in the United States 
(Kraus, 2017; Mitra et al., 2017; Ortman et al., 2014). To prevent or reduce disability, older adults 
have been urged to participate in healthy everyday activities (instrumental activities of daily living, 
IADL; exercise; leisure) (Fratiglioni, Paillard-Borg, & Winblad, 2004; D. E. King, Mainous, 
Carnemolla, & Everett, 2009). The health benefits of everyday activities were not merely derived 
from the “execution” of everyday activities; rather, “repeated and regular execution” of these 
activities over time. Studies have recommended the optimal intensity and dosage of healthy 
activities, such as participating in aerobic exercise 30 minutes three times per week (Haskell et al., 
2007). Yet, little research has described the real-world situation – older adults’ patterns (or 
regularity) in participating in these activities (Eckel et al., 2014). For example, leisure activities 
(e.g., visiting friends) are critical to older adults but the patterns of visiting friends is rarely 
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explored, specifically how well an older adult stick to visiting friends over a period of time. This 
information is of great importance because any changes in patterns of everyday activities may 
herald reduced competences and skills in navigating daily tasks, further compound the risk of 
health decline (L. P. Fried et al., 1991). This information may also inform the development of 
preventative acts to support a health periodicity of everyday activities for older adults. 
In previous studies, patterns of everyday activities are defined as “the day-to-day variability 
in the 1) variety of activities and 2) time spent on activities” over time (Carlson et al., 2012). 
Variety of activities has been derived from the types of activities that older adults chose to 
complete (e.g., shopping, paying bills). The time spent on activities has been defined by the interval 
of minutes spent on activities. The patterns of everyday activities are of interest because they 
illustrate the capability of initiating, sustaining, and navigating activities over time (Law, 2002). 
From the patterns of everyday activities, we may potentially grasp insights into who may be 
demonstrating declines in capabilities, and as well as when we should intervene to early prevent 
disability. 
Examining the patterns of everyday activities is challenging. Oftentimes, the understanding 
of everyday activities is based on a snapshot, which ignores the fact that older adults participate in 
different activities day-to-day. Second, older adults are often asked to recall past experiences, 
which is not ideal when assessing everyday activities (Shiffman, Stone, & Hufford, 2008). Last, 
data collection might be conducted in laboratory settings, which limit the ecological validity of 
data (Kanning & Schlicht, 2010; Wegner et al., 2002). Altogether, these challenges have hindered 
the examination of the patterns of everyday activities in older adults. 
Capitalizing on new methods offers the opportunity to examine the patterns of everyday 
activities via a measurement burst design. The measurement burst design delivers a form of 
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assessments (e.g., surveys, diaries, sensors) that collect data in a short period of time in real-world 
settings (A. Stone, Shiffman, Atienza, & Nebeling, 2007). This mode of delivery minimizes the 
temporal and spatial influence of information validity via the use of mobile technology. The 
assessments can be delivered intensively, longitudinally, and remotely to understand the patterns 
of everyday activities. Research suggests, 40% of adults aged 50 and older are interested in using 
mobile technology to record health (Christopoulos et al., 2014). While older adults have started to 
embrace new technologies, we were still unclear whether it was feasible and useful to use mobile 
devices to detect the patterns of everyday activities, nor did we understand whether older adults 
had sufficient digital adherence to report the information over time. The feasibility of assessing 
the patterns of everyday activities via mobile devices was worth exploring because it may be 
adapted to signal the risk for disability in community settings, rather than clinical settings. 
The aim of this study was to examine the feasibility and usability of a measurement burst 
design in detecting the patterns of everyday activities in at-risk older adults. Everyday activities 
were categorized into IADL, exercise, and leisure activities. Within each category, the variability 
of variety (types) and time (minutes) were separately examined. The information gleaned from 
this study may provide valuable insights into preventative strategies and structure to support a 
healthy periodicity of participation in late life. 
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4.2 Method 
4.2.1  Participants 
This study was approved by the University of Pittsburgh Institutional Review Board. 
Participants were recruited from month 2017 to month 2018. Older adults aged ≥ 55 and were at-
risk of disability were recruited using the following criteria: 1) self-report of “slowing down or 
changing ways in performing daily tasks” (Freedman et al., 2014; L. P. Fried et al., 2001) and 2) 
the Barthel Index (BI) (F. I. Mahoney & Barthel, 1965). Self-report change in daily tasks has been 
used to identify older adults at-risk for disability (L. P. Fried et al., 2001). The BI was used to 
exclude older adults who already had disability. The BI had 8 items, measuring the assistance 
needed to perform self-care or mobility activities. Older adults who needed help on more than two 
activities in the BI were excluded. Those who were previously diagnosed with major depressive 
disorder, bipolar, mania, and drug or alcohol abused were excluded because of the inherent 
difficulty in discerning whether the disability was substance or depressive symptoms induced. 
4.2.2  Measurement burst design 
A mobile device was provided to every participant to ensure the consistency of assessment 
delivery. Assessments were sent through Short Message Service (SMS) via Qualtrics software 
(Appendix K) (Qualtrics, 2017). Participants received the same assessment every day for 14 days 
(van Hooff, Geurts, Kompier, & Taris, 2007b). The time of the assessment was selected by 
participants from 9:00 pm to 10:30 pm. The mobile devices emitted up to 5 reminder signals at 5-
minute intervals until responses were entered. All data were uploaded automatically to the 
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computer once the assessment was completed. In order to accommodate participants’ life routines, 
we offered mobile device flashlights or vibrations to replace ringtones. Participants were trained 
to complete assessments via mobile devices prior to the start of the study. 
 
4.2.3  Measurement 
4.2.3.1 Everyday activities 
The contents within assessments were developed based on the Lawton Instrumental 
Activities Of Daily Living Scale (Lawton IADL scale) and the Lifestyle Activities Questionnaire 
(LAQ) (Carlson et al., 2012; Lawton & Brody, 1969). The Lawton IADL scale included IADL and 
maintenance activities for older adults. The LAQ included leisure activities that older adults value 
and perform. Twenty-six activity choices were validated in older adults by a previous study (Table 
9). The 26 activities were categorized based on the International Classification of Functioning, 
Disability, and Health (ICF), including IADL (9 items), exercise (1 item), and leisure activities (16 
items) (World Health Organization, 2002). The guiding question was “Select all the activities you 
did today.” 
Table 9 The 26 everyday activities 
 
Category Variety 
IADL 
Groom; Dress; Medication management; Bath/ Shower; 
Laundry; Housekeeping or home maintenance; Telephone use; 
Shopping; Prepare/cook a meal; Manage finances 
Exercise Exercise (except walking) 
Leisure activity 
Church; Garden; Watch TV; Listen to music/ radio; Go to a 
movie; Attend events/ clubs; Visit friends/family; Assist others; 
Attend class; Volunteer; Play game/cards; Read newspaper; 
Sing; Art Activities; Read books; Crossword puzzles 
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Each category had its “variety” and “time.” For example, IADL variety was the different 
types of IADL activities that older adults performed per day. IADL time was calculated by the 
intervals of minutes older adults spent on a particular IADL per day. The guiding question was 
“How much time did you spend on this activity?” The response choices were 5 to 55 minutes (5-
minute intervals) and 1 to 10 hours (1-hour intervals). This approach, which has been used in prior 
research,  has been shown to be a reliable method for assessing everyday activities (A. A. Stone et 
al., 2003). 
4.2.3.2 Feasibility and usability indices 
Five indices were calculated to assess the feasibility of measurement burst design: 1) 
participant attrition rate, 2) survey response rate, 3) missing data rate, 4) time to open the survey, 
and 5) time spent on the survey. The participant attrition rate was the number of participants lost 
divided by the total number of participants. The survey response rate was the number of answered 
survey divided by deployed surveys. A benchmark of at least 80.0% survey response rate was set 
based on a review examining the averaged survey response rate in the aging population (Cain, 
Depp, & Jeste, 2009). The missing data rate was the number of missing data divided by the number 
of answered surveys. A 5.0% missing data rate was set (Fritz, Tarraf, Saleh, & Cutchin, 2017). 
The time to open the surveys was calculated by the time difference between a survey was sent and 
opened. The time spent on answering the survey was recorded. 
The 19-item Post-Study System Usability Questionnaire (PSSUQ) was used to assess the 
usability of the mobile device (Lewis, 1995). It assessed whether the interface of the mobile device 
covered all the functionality and whether the mobile device was easy to learn and use. The PSSUQ 
assessed three subdomains: function usefulness, information quality, and interface quality. All the 
items were scored on a 7-point ordinal scale (1 = strongly agree, 7 = strongly disagree). The 8-
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item function usefulness assessed whether the functionality was adequate. Item scores were 
averaged, with a score ≥ 2.8 representing low satisfaction of function usefulness. The 7-item 
information quality evaluated whether the system was easy to learn. Item scores were averaged, 
with a score ≥ 3.0 representing disagreements of easiness to learn (Lewis, 2002). The 3-item 
interface quality assessed whether the interface was easy to use. Item scores were averaged, with 
a score ≥ 2.5 representing lower agreements of easiness to use. The PSSUQ has been validated in 
older adults, with excellent reliability, reasonable concurrent validity, and sensitivity (Lewis, 
2002). 
We collected mobile device user experiences, including whether participants had a 
smartphone before the study, what activities they performed via a mobile device, and in what 
frequency did they use the mobile device. 
4.2.3.3 Demographic and health variables 
Age, gender, race, years of education, income, comorbidity, cognitive function, depressive 
symptoms, and independence were collected. Comorbidity was assessed via the Charlson 
Comorbidity Index (CCI), with a higher score suggesting more comorbidity (19 items, score range: 
0 to 35) (Frenkel, Jongerius, Mandjes‐van Uitert, van Munster, & de Rooij, 2014). Cognitive 
function was assessed via the National Institution of Health Toolbox (NIH Toolbox), with a mean 
score of 50 and a standard deviation of 10. Depressive symptoms were assessed via the Patient 
Health Questionnaire-9 (PHQ-9), with a higher score indicating more severe depressive symptoms 
(9 items; range: 0 to 27) (Kroenke, Spitzer, & Williams, 2001). Independence was assessed via the 
Performance Assessment of Self-Care Skills (PASS). The PASS was an observational-based tool 
to assess the independence of completing daily tasks (shopping for groceries; medication 
management; sweeping). Every task has been scored by how many verbal and physical cues are 
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needed to complete the task. The more assistance older adults needed to complete a task, the lower 
the independence of the older adult. 
4.2.4  Data analysis 
Descriptive statistics were used to examine the feasibility and usability of the measurement 
burst design. The reasons for attrition were documented. The SPSS (version 24) was used for data 
analysis (IBM Corp., 2013). 
Six dependent variables were separately examined (IADL variety, IADL time, exercise 
(Yes/No), exercise time, leisure variety, leisure time). Spaghetti plots were plotted to visualize the 
trajectory of six dependent variables over 14 days among participants. Plots of residuals, 
normality, and heterogeneity were examined for each dependent variable to check the assumptions 
of the individual growth model (Singer, 1998). The assumption of the normality was not met; 
therefore, the generalized linear mixed model was adopted with an appropriate distribution. An 
unconditional model was used to examine how much variability in the dependent variable was 
explained by between-individual and within-individual differences (Singer, 1998). SAS (version 
9.3) was used for data analysis (SAS Institution, 2015). All the analyses were considered 
significant at the .05 two-tailed α level. 
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4.3 Results 
4.3.1  Participants 
We recruited a sample of 50 older adults living in the community, with a mean age of 66.6 
(SD = 8.27) (Figure 7). Most were female, white, lived alone, and had a college degree (Table 
10-11). 
 
Figure 7 Recruitment diagram 
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Table 10 Participant characteristics 
Characteristics All (n=50) Theoretical range 
Age [mean (SD), range] 66.60 (8.27), 56-87 ≥ 55 
Female [n (%)] 31 (62.0)  
Race [n (%)]    
     White 42 (84.0)  
     Black 7 (14.0)  
     Asian 1 (2.0)  
Non-Hispanic [n (%)] 48 (96.0)  
Year of education [mean (SD), range] † 15.85 (2.48), 11-22  
Level of education [n (%)]    
     High school 11 (22.0)  
     Associates 8 (16.0)  
     Bachelors 13 (26.0)  
     Master 17 (34.0)  
     PhD 1 (2.0)  
Marital status [n (%)]    
     Married 19 (38.0)  
     Never married 7 (14.0)  
     Divorced 13 (26.0)  
     Widowed 7 (14.0)  
     Separated 2 (4.0)  
     Partner, not married 1 (2.0)  
Living status    
     Alone 27 (54.0)  
     With spouse 19 (38.0)  
     With an adult child 3 (6.0)  
     With an adult child 1 (2.0)  
     Others 4 (8.0)  
Employment status    
     Full-time job 8 (16.0)  
     Part-time job_ not retire 3 (6.0)  
     Part-time job_ retire 6 (12.0)  
     No job_ retire 24 (48.0)  
     No job_ not retire 9 (18.0)  
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Table 11 continued 
Income    
     < 5,000 2 (4.0)  
     5,000-9,999 1 (2.0)  
     10,000-14,999 8 (16.0)  
     15,000-19,999 1 (2.0)  
     20,000-24,999 1 (2.0)  
     25,000-34,999 9 (18.0)  
     35,000-49,999 2 (4.0)  
     50,000-74,999 14 (28.0)  
     75,000-99,999 4 (8.0)  
     100,000-119,999 2 (4.0)  
     >120,000 2 (4.0)  
     Prefer not to answer 4 (8.0)  
PASS [mean (SD), range]    
     Shopping 4.79 (4.51), 0-17 ≥ 0 
     Medication management 1.79 (2.84), 0-14 ≥ 0 
     Sweeping 0.04 (0.20), 0-1 ≥ 0 
Comorbidity [mean (SD), range] 2.04 (2.32), 0-12 ≥ 0 
NIH Toolbox [t score (SD), range] †   0-100 
     Picture vocabulary test 54.88 (8.22), 33-72  
     Oral reading recognition test 53.23 (10.48), 28-78  
     List sorting working memory test 50.66 (9.06), 26-73  
     Pattern comparison processing test 44.25 (16.15), 11-74  
     Picture sequence memory test 47.77 (9.80), 28-72  
     Inhibitory control and attention test 44.85 (6.77), 33-65  
     Dimensional change card sort test 54.23 (9.74), 34-77  
     Fluid composite 47.72 (9.85), 27-86  
     Crystallized composite 54.42 (8.56), 30-74  
     Total score 51.09 (9.38), 30-72  
PHQ-9 [mean (SD), range] 4.42  (3.95), 0-16 0-27 
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4.3.2  Feasibility and usability 
The participant attrition rate was 6.0% (1 deceased and 2 withdrew). Of the two participants 
who withdrew, one did not want to carry a phone and withdrew on day 3, the other did not have 
time for the study and withdrew on day 2. All feasibility indices met the benchmarks; the survey 
response rate was 89.0%, and the missing data rate was 1.1%. The average time to open the 
assessment was 10.1 minutes (SD = 73.73). The average time spent on answering the assessment 
was 7.8 minutes (SD = 46.20). 
Twenty-two percent of the participants (9 out of 41 participants) did not have a smartphone 
before participating in the study. For those who had a smartphone before the study, smartphones 
were used daily (100.0%) for phone calls (100.0%), texting (98.0%) and emails (83.0%). 
Participants reported great function usefulness (mean = 1.20, SD = 0.59), information quality 
(mean = 1.69, SD = 1.38), and interface quality (mean = 1.54, SD = 1.51) of our mobile devices. 
Participants reported high usability answering surveys (PSSUQ total score mean = 25.43, SD = 
11.59). 
Among 686 deployed assessments, 54 were unanswered, and 8 had missing data. A total 
of 624 time points of data were valid and included in the analysis (Figure 8). 
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Figure 8 Flow diagram of the end-of-day questionnaire 
4.3.3  Patterns of everyday activities 
4.3.3.1 IADL 
On average, participants participated in 4.21 IADL per day, with a mean time of 194.8 
minutes. Fifty-nine percent of the variability in IADL variety was explained by within-individual 
differences, suggesting that the numbers of IADL activities varied within participants (Table 12; 
Figure 9). Forty-one percent of the variability in IADL variety was explained by between-
individual differences, suggesting that the numbers of IADL activities varied among participants. 
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Figure 9 Spaghetti plot of IADL variety 
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Table 12 The intraclass correlation coefficient (ICC) 
Category Items Intercept estimate 
Residual 
estimate 
Between-
individual 
ICC 
Within-
individual 
ICC 
Variety      
     IADL 9 1.12 1.64 0.41 0.59 
     Exercise 1 0.08 0.13 0.39 0.61 
     Leisure 16 2.16 1.43 0.60 0.40 
Time      
     IADL 9 11208.00 10726.00 0.51 0.49 
     Exercise 1 127.00 440.00 0.22 0.78 
     Leisure 16 14945.00 29197.00 0.34 0.66 
 
Forty-nine percent of the variability in IADL time was explained by within-individual 
differences, suggesting that the minutes spent on IADL varied within participants (Table 10; 
Figure 10). Fifty-one percent of the variability in IADL time was explained by between-individual 
differences, suggesting that the minutes spent on IADL varied among participants. 
 
Figure 10 Spaghetti plot of IADL time 
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4.3.3.2 Exercise 
Only 30 participants had variability in exercise (Yes/No) since 18 participants reported 
they did not exercise during the study period. On average, participants participated in 0.29 
exercises per day, with a mean time of 11.3 minutes. Sixty-one percent of the variability in exercise 
(Yes/No) was explained by within-individual differences, suggesting that the decision to exercise 
varied within participants (Table 10). Thirty-nine percent of the variability in exercise (Yes/No) 
was explained by between-individual differences, suggesting that the decision to exercise varied 
among participants. 
Seventy-eight percent of the variability in exercise time was explained by within-individual 
differences, suggesting that the minutes spent on exercise varied within participants (Table 10; 
Figure 11). Twenty-two percent of the variability in exercise time was explained by between-
individual differences, suggesting that the minutes spent on exercise varied among participants. 
 
Figure 11 Spaghetti plot of exercise time 
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4.3.3.3 Leisure activities 
On average, participants participated in 3.67 leisure activities per day, with a mean time of 
374 minutes. Forty percent of the variability in leisure variety was explained by within-individual 
differences, suggesting that the numbers of leisure activities varied within participants (Table 10; 
Figure 12). Sixty percent of the variability in leisure variety was explained by between-individual 
differences, suggesting that the numbers of leisure activities varied among participants. 
 
Figure 12 Spaghetti plot of leisure variety 
 
Sixty-six percent of the variability in leisure time was explained by within-individual 
differences, suggesting that the minutes spent on leisure varied within participants (Table 10; 
Figure 13). Thirty-four percent of the variability in leisure time was explained by between-
individual differences, suggesting that the minutes spent on leisure varied among participants. 
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Figure 13 Spaghetti plot of leisure time 
4.4 Discussion 
The study examined the feasibility of the measurement burst design to detect the patterns 
of everyday activities among older adults at-risk for disability. Findings suggested that the 
measurement burst design was a feasible and usable approach to detect the patterns of everyday 
activities. The variability in everyday activities contributed to between and within individual 
differences. We were able to calculate the amount of IADL, exercise, and leisure activities in at-
risk older adults. The feasible measurement burse design provided a fine-grained analysis of 
everyday activities. Although the data may not generalize to the full aging population and the 26 
sampled activities might not represent the full range of activities of daily living, this study was the 
first step toward evaluating methods for quantifying patterns of everyday activities in older adults 
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at-risk for disability. The study methodologies may inform future studies aiming to develop 
preventative strategies to support healthy activity patterns in late life. 
Older adults without prior experience of smartphones did learn to use mobile devices and 
respond to assessments with a high adherence rate. Participants reported that the amount of time 
spent on assessments was manageable and appropriate. Interestingly, participants reported that this 
design made them more aware of how they spent time. However, few suggested that this design 
had changed their daily activities or routines. The results matched previous findings, rejecting the 
“reactivity effect” on answering assessments intensively in a short period of time (Shiffman et al., 
2008). 
Our response rate was similar to previous studies using a measurement burst design, which 
was usually higher than 80.0% if there were no technical issues and if participants were trained 
(Cain et al., 2009). One participant had lost the device during the study. We were able to trace its 
location and find the device. Two participants tried to respond surveys for few days and decided 
it was too burdensome to continue. They reported that the perceived burden was not related to the 
length of the study design (14 days), but the willingness to carry a second phone. While many 
studies suggested technical issues (e.g., devices did not ring, surveys could not open, the Internet 
was disconnected), we encountered few errors with survey distribution. There was a day that a few 
surveys were not sent out. However, the issue was quickly fixed by the specialist. In general, the 
survey dissemination portal (Qualtrics) was reliable and usable in collecting surveys within an 
intensive period of time. 
There were limitations in this study. The primary drawback was the validity of self-report 
time spent on activities. Although the assessments were sent day-to-day to minimize the need to 
recall memory, self-report time spent on activities was probably not the most optimal 
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methodologies in examining everyday activities. So far, however, it was a better way to examine 
complex human behaviors compared to traditional ways of assessing activities via a one-time 
questionnaire. Strategies must be developed to estimate everyday activities, with minimal threats 
to personal privacy (as in the case of camera monitoring). Additionally, the small sample size and 
highly-educated participants hindered the generalizability of results. 
The study was novel in understanding the patterns of everyday activities. The study showed 
that the measurement burst design was a feasible approach to detect the patterns of everyday 
activities. Future studies that aim to promote changes in human behaviors and routines should 
consider assessing the patterns of everyday activities in evaluating the effects of preventative 
strategies in reducing disability for older adults. 
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5.0 Patterns of Everyday Activities in Older Adults At-risk for Disability: Depressive 
Symptoms and Cognitive Complaints 
In Chapter 5, we studied the association between indicators of brain-health and everyday 
activity patterns in older adults at-risk for disability. We examined the interactions among 
depressive symptoms, cognitive complaints with the patterns of everyday activities via a 
measurement burst design. The  chapter has been developed into a manuscript, titled “Patterns of 
Everyday Activities in Older Adults At-risk for Disability: Depressive Symptoms and Cognitive 
Complaints” for submission to a peer-reviewed journal to be named. 
5.1 Introduction 
Periodic engagement in everyday activities (instrumental activities of daily living, exercise, 
leisure) reduces the risk of chronic diseases and mortality from all causes in late life (Elwood et 
al., 2013). Emerging evidence suggested that routine participation in these activities could reduce 
the risk of disability by 7%-43% in older adults (P. A. Boyle, Buchman, Wilson, Bienias, & 
Bennett, 2007; Fratiglioni et al., 2004; James et al., 2011). Consequently, current research seeks 
to better understand the patterns of participating in everyday activities, as illustrated by 1) the types 
of activities older adults select and 2) the minutes they spend on activities “during a period of time 
(e.g., weekly, monthly)” (Carlson et al., 2012). Unfortunately, an estimated half of  older adults 
do not routinely participate in these activities over time, exposing themselves to risks of poor 
health, cardiovascular events, and increased healthcare costs in late life (D. E. King et al., 2009). 
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Identifying risk factors for unhealthy patterns of everyday activities may inform timely prevention-
oriented interventions to maintain healthy patterns of activities in late life. 
Subtle changes in thinking and feeling often reflect changes in brain health (Saykin et al., 
2006). These brain health changes may be noticed by older adults without triggering clinical 
intervention, however, these changes may be associated with subtle changes in decision making 
on everyday activities. Depressive symptoms and cognitive complaints and were commonly 
reported in late life, especially for those who were at-risk for disability (T. L. Hayes et al., 2008). 
The estimated prevalence of depressive symptoms is reported to be 27.5%, and estimated 
prevalence of cognitive complaints in late life ranges from 21.7% to 61.4% (Fritsch et al., 2014; 
Laborde-Lahoz et al., 2014; Westoby et al., 2009). Depressive symptoms include feelings of 
sadness, hopelessness, or loss of interest but not necessarily qualified a medical diagnosis. 
Cognitive complaints may include perceptions of inefficient thinking, coordinating information 
and making decisions that may proceed beyond objective cognitive impairments. These two 
categories of symptoms, though not formal medical diagnoses, may represent a dysregulation in 
the brain networks due to underlying neurodegenerative changes (Saykin et al., 2006), and 
potentially sway everyday activities over time.  
Yet, the interactions among depressive symptoms, cognitive complaints with the patterns 
of everyday activities have not been fully understood. Potentially due to the difficulties in assessing 
the patterns of everyday activities over time, research findings have been based on one-time 
assessments, asking older adults to recall past experiences in clinical or laboratory settings. This 
approach is problematic because a snapshot overlooks the fluctuating nature of human activity, 
and recalling thinking and feeling in a controlled environment threatens information validity. Most 
importantly, associations among brain health changes and patterns of everyday activities have not 
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been studies at such an early stage – that is, among older adults at-risk for disability. To identify 
the risk factors for unhealthy patterns of everyday activities, we need to study older adults who are 
beginning to experience a change in patterns of everyday activities, but are still able to perform 
everyday activities. 
Thus, the aim of the study was to use intensive, real-time assessments to understand the 
associations among depressive symptoms, cognitive complaints, and activities for 14 days in older 
adults at-risk for disability (self-reported changes in daily activities but without difficulties 
performing activities). We first examined the feasibility of delivering 4 questionnaires throughout 
a day for 14 days. We investigated whether the patterns of three categories of everyday activities 
(instrumental activities of daily living; exercise; leisure) differed by depressive symptoms and 
cognitive complaints. The findings derived from the study may inform timely interventions that 
aim to promote healthy patterns of everyday activities to prevent adverse health outcomes in late 
life. 
5.2 Method 
5.2.1  Participants 
Older adults aged ≥ 55 were recruited. Older adults at-risk for disability were screened via 
two criteria: 1) self-reported change in life routines or take more time in daily activities than they 
used to do; 2) absence of difficulties in performing basic activities, as indicated by a score ≥ 95 on 
the Barthel Index (F. I. Mahoney & Barthel, 1965). Older adults who were previously diagnosed 
with major depressive disorder, bipolar, mania or dementia were excluded. Older adults with drug 
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and alcohol abuse history were excluded to ensure that depressive symptoms were not induced via 
the consumption of substance or drug. Participants provided informed consent approved by the 
University of Pittsburgh Institutional Review Board. 
5.2.2  Study procedure 
Upon enrollment, participants were trained to use a mobile device to answer 
questionnaires. Questionnaires were disseminated through Qualtrics software via the Short 
Message Service (SMS) (Qualtrics, 2017). Participants were asked to carry the mobile device with 
them and answer questionnaires throughout waking hours for 14 consecutive days. 
A measurement burst design approach was adopted to intensively collect the outcome of 
interest. Participants received 4 questionnaires throughout a day [one in the morning block (9 am 
-12 pm); afternoon block (12 pm – 6 pm); evening block (6 pm – 9 pm); and end-of-day] (Table 
13). Morning and afternoon questionnaires assessed depressive symptoms, evening questionnaires 
assessed depressive symptoms and cognitive complaints, and the end-of-day questionnaire 
assessed everyday activities. Cognitive complaints were assessed once per day due to the stability 
of cognition (Weaver Cargin, Collie, Masters, & Maruff, 2008), whereas depressive symptoms 
were assessed three times per day due to the instability of mood throughout the day (Wichers et 
al., 2010). Morning, afternoon, and evening questionnaires were randomly-scheduled within time 
blocks to ensure representative and unbiased data compared to planned, scheduled questionnaires 
(Shiffman et al., 2008; A. Stone et al., 2007). The end-of-day diary was scheduled based on 
participants’ preferred time to prevent unreported daily activities after the questionnaires. 
Participants were audibly prompted up to five times to complete the questionnaire. Questionnaires 
answered 30 minutes after delivery were treated as expired data. 
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Table 13 Measurement schedule 
5.2.3  Measures 
5.2.3.1 Everyday activities 
The repertoire of activities included three categories: 1) instrumental activities of daily 
living (IADL), 2) exercise and 3) leisure activities. The Lawton instrumental activities of daily 
living scale (Lawton IADL scale) and the Lifestyle Activities Questionnaire (LAQ) were used to 
develop the repertoire of activities (Carlson et al., 2012; Lawton & Brody, 1969). The IADL 
category included 9 IADL, which were necessary for independent living. The exercise category 
included 1 item, asking whether older adults had exercised except for walking. The leisure category 
included 16 leisure activities that were often chosen by older adults. 
Each category had “variety” and “time” scores. The scores were collected per day for 14 
days. IADL variety was scored from 0 to 9, with a higher score representing more types of IADL 
were chosen by participants. Exercise (Yes/No) was scored from 0 to 1, with 0 meaning the 
participant did not exercise. Leisure variety was scored from 0 to 16, with a higher score indicating 
more types of leisure activities were chosen by participants. IADL time, exercise time, and leisure 
time were scored based on the sum of the minutes they reported on the activities within each 
category. 
Sampling Time Variables Items Total items 
Random scheduled 
questionnaires 
9 am – 12 pm Depressive symptoms 2 2 
12 pm – 6 pm Depressive symptoms 2 2 
6 pm – 9 pm 
Depressive symptoms 
Cognitive complaints 
Pain 
Fatigue 
2 
4 
1 
1 
8 
End-of-day 
questionnaire 9 pm – 10:30 pm 
Everyday activities 
(variety and time) ≈20 ≈20 
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5.2.3.2 Depressive symptoms 
The PHQ-2 was a self-report measure that assessed the anhedonia and somatic aspects of 
depressive symptoms (Li, Friedman, Conwell, & Fiscella, 2007). The wording of 2 items was 
converted to reflect the present state. It had 2 items, with item score ranging from 1 (not at all) to 
5 (very much). The total score ranged from 2 to 10, with a higher score representing a higher 
severity of depressive symptoms. 
5.2.3.3 Cognitive complaints 
Self-perceived cognitive complaints were measured via the Patient-Reported Outcomes 
Measurement Information System (PROMIS) – Cognitive abilities (Howland, Tatsuoka, Smyth, 
& Sajatovic, 2017). It had 4 items, with item score ranging from 1 (not at all) to 5 (very much). 
The wording of 4 items has been converted to reflect the present state. The total score was 
translated to t score, with a population mean of 50 and a standard deviation of 10. A higher score 
represented lower cognitive complaints. 
5.2.3.4 Covariates 
Perceived social support was assessed once by the Multidimensional Scale of Perceived 
Social Support (MSPSS) (Zimet, Dahlem, Zimet, & Farley, 1988). The MSPSS had 12 items (1 = 
very strongly disagree, 7 = very strongly agree); item scores were summed and ranged from 7 to 
84, with a higher score indicating higher perceived social support. 
Fatigue was assessed daily for 14 days. The fatigue severity was assessed by a numeric 
rating scale (0-10), with 0 indicating “no fatigue at all” and 10 indicating “extremely fatigued” 
(van Hooff, Geurts, Kompier, & Taris, 2007a). 
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5.2.3.5 Feasibility indices 
Feasibility was assessed via seven indices: 1) participant attrition rate (number of 
withdrew/ total participants), 2) mobile device user experiences (whether the participant had a 
smartphone before the study), 3) survey response rate (number of answered surveys/ total deployed 
surveys), 4) survey expired rate (number of surveys answered after 30 minutes/ total answered 
surveys), 5) missing data rate (number of surveys with missing data/ total answered surveys), 6) 
time to open the survey (minutes), and 7) time spent on the survey (minutes). 
Benchmarks were set for three indices: 1) survey response rate (≥ 80.0%) (Cain et al., 
2009), 2) survey expired rate (≤ 20.0%) (Shiffman et al., 2008), and 3) missing data rate (≤ 5.0%) 
(Fritz et al., 2017). 
5.2.4  Statistical analysis 
Descriptive statistics (mean; standard deviation; percentage) were used to assess the 
feasibility indices. Depressive symptoms score was averaged from the morning, afternoon, and 
evening questionnaires for each day for each participant. 
A series of separate generalized linear mixed models were used to examine whether the 
patterns of everyday activities differed by cognitive complaints and depressive symptoms over 14 
days. The patterns of six dependent variables (IADL variety; IADL time; exercise (Yes/No); 
exercise time; leisure variety; leisure time) were separately examined with depressive symptoms 
and cognitive complaints. 
The generalized linear mixed model included a “depressive symptoms × day” interaction 
as well as depressive symptoms and day main effects as fixed effect variables. The intercept and 
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slope of a dependent variable within participants were treated as random-effect variables. 
Covariates that were moderately associated with the dependent variables (Spearman r ≥ 0.3) were 
treated as fixed-effect variables (Barbara & Linda, 2007). The means of continuous variables were 
centered to eliminate the scaling differences among variables. If the interaction term was not 
statistically significant, the main effect was used to examine the relationship between depressive 
symptoms and dependent variables. The structure of the estimated covariance matrix for the 
repeated measures was examined to determine the appropriate covariance structure. The same 
model structure was used for cognitive complaints. 
To visualize interaction effects, participants were dichotomized into two groups by the cut-
off of depressive symptoms (cognitive complaints). Participants were dichotomized into high 
depressive symptoms (mean PHQ-2 score over 14 days ≥ 3) and low depressive symptoms (< 3) 
groups (Li et al., 2007); high cognitive complaints (mean t-score over 14 days < 50) and low 
cognitive complaints (≥ 50) groups. Additionally, t-statistics was conducted to examine whether 
there was a group difference in the dependent variables. A Cohen’s d was calculated to estimate 
the magnitude of between-group differences on dependent variables. 
The SAS (version 9.4) PROC GLIMMIX procedure and the SPSS (version 24.0) were used 
for data analysis. Analyses were considered statistically significant at the 0.05 α level. 
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5.3 Results 
5.3.1  Participants 
A total of 99 participants were screened; 50 participants were eligible and enrolled. One 
participant died, and two participants withdrew. Table 14 described the characteristics of 
participants. The response rate was 89.1% among delivered assessments. Among 2,744 surveys, 
211 were not answered, 452 were expired (answered ≥ 30 minutes), and 36 had missing data. A 
total of 2,045 data were valid and included in the analysis. 
 
Table 14 Participant characteristics 
Characteristics All  (n = 50) 
Age [mean (SD), range] 66.6 (8.27), 56-87 
Male [n (%)] 19 (38.0) 
White [n (%)] 42 (84.0) 
Level of education [n (%)]   
     High school 11 (22.0) 
     Associates 8 (16.0) 
     Bachelors 13 (26.0) 
     Master 17 (34.0) 
     PhD 1 (2.0) 
Married [n (%)] 19 (38.0) 
Comorbidity [mean (SD), range] 2.04 (2.32), 0-12 
Lived alone [n (%)] 27 (54.0) 
Retired [n (%)] 24 (48.0) 
 
5.3.2  Measurement burst design feasibility indices 
The flow diagrams of the morning, afternoon, and evening questionnaires were presented 
in Figure 14, 15, and 16. Participants averagely spent less than 10 minutes on the four 
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questionnaires per day. The response rates were high (88.1% to 93.1%), and missing data rates 
were low (0.9% to 4.0%) among the four questionnaires (Table 15). Morning and afternoon survey 
expire rates did not meet the benchmark. 
 
Figure 14 Flow diagram of the morning questionnaire 
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Figure 15 Flow diagram of the afternoon questionnaire 
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Figure 16 Flow diagram of the evening questionnaire 
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Table 15 Feasibility indices 
Feasibility indices Benchmarks Results Achieved 
Participant attrition rate [(n (%)] < 10.0 3 (6.0) Yes 
Mobile device experience    
      Had a smartphone before the study [n (%)]  41 (78.0)  
    
Morning survey    
      Response rate (%) > 80.0 92.7 Yes 
      Expire rate (%) < 20.0 25.9 No 
      Missing data rate (%) < 5.0 0.9 Yes 
      Time to open surveys [mean (SD)] < 30 36.2 (83.8) Yes 
      Time spent on surveys [mean (SD)] N/A 2.1 (17.1) N/A 
    
Afternoon survey    
      Response rate (%) > 80.0 93.1  Yes 
      Expire rate (%) < 20.0 25.8  No 
      Missing data rate (%) < 5.0 1.1  Yes 
      Time to open surveys [mean (SD)] < 30 45.7 (120.0) Yes 
      Time spent on surveys [mean (SD)] N/A 4.8 (75.0) N/A 
    
Evening survey    
      Response rate (%) > 80.0 88.1 Yes 
      Expire rate (%) < 20.0 19.5 Yes 
      Missing data rate (%) < 5.0 4.0 Yes 
      Time to open surveys [mean (SD)] < 30  38.1 (133.5) Yes 
      Time spent on surveys [mean (SD)] N/A 4.1 (47.3) N/A 
    
End-of-Day survey    
      Response rate (%) > 80.0 89.0 Yes 
      Missing data rate (%) < 5.0 1.1 Yes 
      Time to open surveys [mean (SD)] N/A 10.1 (73.7) N/A 
      Time spent on surveys [mean (SD)] N/A 7.8 (46.2) N/A 
Note: Time was reported in minutes.     
5.3.3  IADL variety 
There was no interaction effect between depressive symptoms and time (F13,514 = 1.64, p = 
.07) (Figure 17). The main effect of depressive symptoms showed that higher depressive 
symptoms were statistically associated with less IADL variety (F1,514 = 10.29, p = .001). The main 
effect of time showed that days were statistically associated with IADL variety (F13,514 = 3.09, p < 
.001). 
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Figure 17 IADL variety - The interaction between depressive symptoms and time 
There was no interaction effect between cognitive complaints and day (F13,405 = 0.88, p = 
.57) (Figure 18). The main effect of cognitive complaints showed that higher cognitive complaints 
were not statistically associated with IADL variety (F1,405 = 0.02, p = .89). The main effect of time 
showed that days were statistically associated with IADL variety (F13,405 = 2.19, p < .001). 
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Figure 18 IADL variety - The interaction between cognitive complaints and time 
5.3.4  IADL time 
There was no interaction effect between depressive symptoms and time (F13,515 = 0.98, p = 
.47) (Figure 19). The main effect of depressive symptoms showed that higher depressive 
symptoms were statistically associated with lower IADL time (F1,515 = 4.75, p = .03). The main 
effect of time showed that days were not statistically associated with IADL time (F1,515 = 1.15, p 
= .31). 
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Figure 19 IADL time - The interaction between depressive symptoms and time 
 
There was no interaction effect between cognitive complaints and time (F13,406 = 0.45, p = 
.95) (Figure 20). The main effect of cognitive complaints showed that higher cognitive complaints 
were not statistically associated with IADL time (F1,406 = 0.04, p = .85). The main effect of time 
showed that days were statistically associated with IADL variety (F13,514 = 3.09, p < .001). 
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Figure 20 IADL time - The interaction between cognitive complaints and time 
5.3.5  Exercise (Yes/No) 
There was no interaction effect between depressive symptoms and time (F13,518 = 0.66, p = 
0.81) (Figure 21). The main effect of depressive symptoms showed that higher depressive 
symptoms were not statistically associated with exercise (Yes/No) (F1,518 = 0.28, p = .60). The 
main effect of time showed that days were not statistically associated with exercise (Yes/No) 
(F13,518 = 0.51, p = .92). 
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Figure 21 Exercise (Yes/No) - The interaction between depressive symptoms and time 
 
There was no interaction effect between cognitive complaints and day (F13,408 = 0.50, p = 
.92) (Figure 22). The main effect of cognitive complaints showed that higher cognitive complaints 
were not statistically associated with exercise (Yes/No) (F1,408 = 1.02, p = .31). The main effect of 
time showed that days were statistically associated with exercise (Yes/No) (F13,408 = 0.46, p = .94). 
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Figure 22 Exercise (Yes/No) - The interaction between cognitive complaints and time 
5.3.6  Exercise time 
There was an interaction effect between depressive symptoms and day, indicating that the 
patterns of exercise time varied by depressive symptoms (F13,519 = 26.28, p < .001) (Figure 23). 
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Figure 23 Exercise time - The interaction between depressive symptoms and time 
 
There was an interaction effect between cognitive complaints and time, indicating that the 
patterns of exercise time varied by cognitive complaints (F13,409 = 28.51, p < .001) (Figure 24). 
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Figure 24 Exercise time - The interaction between cognitive complaints and time 
5.3.7  Leisure variety 
There was no interaction effect between depressive symptoms and day (F13,397 = 1.43, p = 
.14) (Figure 25). The main effect of depressive symptoms showed that higher depressive 
symptoms were not associated with leisure variety (F1,397 = 0.01, p = .91). The main effect of time 
showed that days were not statistically associated with leisure variety (F13,397 = 1.66, p = .06). 
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Figure 25 Leisure variety - The interaction between depressive symptoms and time 
 
There was no interaction effect between cognitive complaints and day (F1,397 = 1.53, p = 
.10) (Figure 26). The main effect of cognitive complaints showed that higher cognitive complaints 
were statistically associated with less leisure variety (F1,397 = 5.84, p = .02). The main effect of 
time showed that days were not statistically associated with leisure variety (F13,397 = 1.70, p = .06). 
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Figure 26 Leisure variety - The interaction between cognitive complaints and time 
5.3.8  Leisure time 
There was no interaction effect between depressive symptoms and time (F13,403 = 0.77, p = 
0.70) (Figure 27). The main effect of depressive symptoms showed that higher depressive 
symptoms were not associated with leisure time (F1,403 = 0.09, p = .76). The main effect of time 
showed that days were not statistically associated with leisure time (F13,403 = 1.48, p = .12). 
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Figure 27 Leisure time - The interaction between depressive symptoms and time 
 
There was an interaction effect between cognitive complaints and time, indicating that the 
patterns of leisure time varied by cognitive complaints (F13,404 = 2.48, p = .003) (Figure 28). 
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Figure 28 Leisure time - The interaction between cognitive complaints and time 
5.3.9  High and low depressive symptoms and cognitive complaints groups 
High and low depressive symptoms groups had significant differences in IADL variety, 
exercise (Yes/No), leisure variety, and leisure time (Table 16). High and low cognitive groups had 
significant differences in IADL variety, IADL time, leisure variety, and leisure time (Table 16).  
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Table 16 Effect sizes for older adults with high and low depressive symptoms and cognitive complaints 
 
Characteristics 
[mean (SD)] 
 
All 
 Cognitive complaints  Depressive symptoms 
  Low High t-statistics p-value Effect size  
 Low High t-statistics p-value Effect size   25 (52.1) 23 (47.9)  28 (57.1) 21 (42.9) 
IADL variety  4.21 (1.66)  4.62 (1.00) 3.72 (1.08) t(46)=2.97 *<.001 0.86  4.46 (1.01) 3.81 (1.15) t(47)=2.09 *0.04 0.60 
IADL time  194.80 (148.52)  226.09 (134.90) 156.82 (60.30) t(34)=2.33 *0.03 0.66  217.60 (127.00) 157.20 (70.12) t(47)=1.96 0.06 0.59 
Exercise (Yes/No)  0.29 (0.45)  0.30 (0.32) 0.26 (0.29) t(46)=0.42 0.68 0.13  0.36 (0.32) 0.17 (0.24) t(47)=2.40 *0.02 0.67 
Exercise time  11.29 (23.79)  11.99 (13.69) 10.23 (11.84) t(46)=0.48 0.64 0.14  13.43 (12.94) 7.57 (11.84) t(47)=1.63 0.11 0.47 
Leisure variety  3.67 (1.83)  4.32 (1.44) 2.90 (1.04) t(46)=3.87 *<.001 1.13  4.15 (1.53) 3.21 (1.62) t(47)=2.06 *0.04 0.60 
Leisure time  374.04  (209.30)  416.18 (132.76) 320.81 (119.78) t(46)=2.61 *0.01 0.75  409.54 (137.08) 309.33 (112.97) t(47)=2.73 *0.01 0.80 
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5.4 Discussion 
Findings suggest that the patterns of everyday activities were strongly associated with 
thinking and feeling in day-to-day lives for older adults at-risk for disability. We found that the 
patterns of exercise time varied by depressive symptoms and cognitive complaints, whereas the 
patterns of leisure time varied by cognitive complaints. Less IADL variety and IADL time were 
associated with higher depressive symptoms, whereas less leisure variety and leisure time were 
associated with higher cognitive complaints. These findings may suggest that brain health changes 
signal changes in everyday activities, or that patterns of everyday activities may herald brain health 
changes. Additional investigation is warranted to understand the causal nature of these associations 
if we are to use these data potentially mitigate disability in late life. As of now, our data would 
suggest that in patterns of everyday activities may be useful in identifying at-risk aging 
populations. 
The variations in patterns of exercise time, as associated with depressive symptoms and 
cognitive complaints, may be interpreted in several ways. First, the variability of exercise time was 
high, and this may have contributed or be caused by day-by-depression (cognition) interaction 
effects. Second, the relationship between depression (cognition) and exercise time may be 
confounded by other variables, such as weather and holidays. Third, the relationship between 
depressive symptoms and exercise could be both positively and negatively correlated. For 
example, an older adult may be too depressed to exercise; reversely, an older adult may be 
depressed and decided to exercise to lighten her depressed mood. This hypothesis had been 
examined (Taquet, Quoidbach, de Montjoye, Desseilles, & Gross, 2016), suggesting that 
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individuals may force themselves in doing unpleasant but necessary activities, in trading off a 
positive affect.  
The patterns of leisure time varied by cognitive complaints. Visually, we observed a trend 
where older adults with high cognitive complaints had a lower variability in patterns of leisure 
time, comparing to those with low cognitive complaints having a higher variability pattern. This 
could be explained by the nature of leisure activities. Unlike basic activities (e.g., bathing or 
dressing), the participation of leisure required the exposure to cognitive-demanding environments, 
which relied on higher-level cognitive processes (e.g., language, task switching, and executive 
functioning). For older adults with low cognitive complaints, they may flexibly utilize these 
cognitive operations, sustain participating in leisure activities, and organize lives in a reasonable 
manner. However, for older adults with high cognitive complaints, sustaining leisure activities in 
a certain amount of time may be difficult. Also, organizing and switching between leisure tasks 
may be cognitively burdensome. This may explain why older adults with high cognitive 
complaints had a more consistent and less time spent on leisure activities comparing to those with 
low cognitive complaints. Averagely, older adults with high cognitive complaints performed fewer 
leisure activities (1.4 counts less; 90 minutes less) than low cognitive complaints peers. These 
differences happened day-to-day, revealing the clinical importance in re-engaging those with 
cognitive complaints into leisure events. 
We found that older adults with high depressive symptoms had less participation in IADL 
(0.6 counts less; 60 minutes less) than less depressed peers. However, the patterns of IADL variety 
and time did not vary by depressive symptoms. These findings suggested three things. First, one-
point of anhedonia and symptomatic of depression was potent to sway everyday tasks and routines. 
Second, the relationship between depressive symptoms and IADL was stable and consistent. Third, 
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a one-time screening tool of depressive symptoms may be helpful for identifying those who have 
low participation in IADL in the primary care or clinics.  
The associations among depressive symptoms, cognitive complaints, and patterns of 
everyday activities inferred treatment strategies to reduce disability for older adults. Several 
recommendations were provided for future studies. First, those with depressive symptoms and 
cognitive complaints were a risk population to be recruited and intervened to prevent further 
adverse health outcomes. Second, intervention studies that aim to reduce disability should evaluate 
the patterns of everyday activities, both variety and time. Third, effective approaches should be 
developed to “initiate” and “sustain” the participation in everyday activities. For example, 
interventions that utilized goal-setting, problem-solving strategies may be helpful to increase the 
participation in everyday activities in older adults (Clare et al., 2013; Rodakowski et al., 2016). 
The use of time management and scheduling is critical to supporting the periodicity in participating 
in everyday activities (Cuijpers, van Straten, & Warmerdam, 2007; Kanter et al., 2010). Last, while 
older adults are implementing the above strategies to elicit behavioral changes, depressive 
symptoms and cognitive complaints should be monitored in the meantime. 
Cautiously, the relationship between depressive symptoms and cognitive complaints with 
everyday activity could be explained in two directions since the study had a cross-sectional design. 
Depressive symptoms and cognitive complaints may influence the patterns of everyday activities. 
Reversely, the patterns of everyday activities may also influence the perception of depressive 
symptoms and cognitive complaints. Thus, the benefits of IADL, exercise, and leisure should be 
examined via higher level evidence studies (e.g., randomized controlled trials, systematic reviews). 
Last, the participants were well-educated; the results may not be generalized to the aging 
population. 
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This study is innovative in its prevention-oriented research question, the real-time, real-
world assessment study design, and the examination of thinking, feeling, and activities from an 
intra-individual perspective. Older adults with a change in patterns of everyday activities should 
be flagged for further evaluation, and carefully monitored on with respect to mood and cognition. 
We urge future intervention studies to evaluate the patterns of activities from intensive, real-time 
assessments, thus may truly estimate the behavioral changes made via intervention studies to 
mitigate disability in late life.  
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6.0 Summary 
Preventing disability is a necessary public health goal for individuals, family units, and the 
whole society. This dissertation sought to advance the state of science by summarizing current 
gaps in prevent-oriented interventions and exploring the associations among indicators of brain 
health and everyday activity patterns to inform the risk architecture of disability in late life. The 
findings gleaned from Chapter 2 to 5 suggested that existing interventions demonstrated limited 
effects on reducing disability due to the lack of the specification of active ingredients and 
mechanisms of change. The modest effects of these interventions may also be due to limited 
knowledge about indications for intervention, particularly in vulnerable populations who have not 
yet manifested disability. We explored potential indications for prevention-oriented interventions 
by examining associations among selected indicators of brain health and changes in disability, and 
patterns of everyday activities. Subtle changes in mood and cognition were potent enough to sway 
everyday activity patterns and accelerate disablement progression in selected at-risk older adults. 
Furthermore, these same indicators of brain health were associated with variations in patterns of 
everyday activities, which may herald an early phase in the disablement trajectory heretofore 
unmeasured. These findings inform future prevention-oriented interventions to consider the 
complexity of active ingredients to address changes in feeling, thinking, and activities to attenuate 
early stage disablement in late life. Efforts to prevent or slow the disablement progression have 
the potential to reduce associated health care cost, and support well-being in late life. 
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6.1 Implications and Future Directions 
The identification of active ingredients is essential to understanding the mechanisms and 
pathways that led to the prevention of disability. Reviewing existing non-pharmacological 
interventions, we learned that interventions are often complex interventions composed of various 
active ingredients. Active ingredients have differing levels of potency in their ability to reduce 
disability. Since the combination of active ingredients varied among interventions, we did not have 
the opportunity to compare the effects of the various combinations of active ingredients to reduce 
disability. Future randomized controlled trials that comparing two or more active ingredients are 
warranted to differentiate the levels of effectiveness. We also learned that, the understanding of 
the mechanisms among active ingredients should complement early-phase intervention 
development. An understanding of mechanisms has potential to expedite the effectiveness of 
prevention-oriented interventions and enhance our understanding of why they are effective.  
The nuances in feeling, thinking, and activities that precede overt disability are critical to 
identifying risk population in late life. We found a subtle elevation of depressive symptoms and 
cognitive complaints signaled differing activity patterns and accelerated disablement in selected 
at-risk older adults. For older adults with changes in depressive symptoms and cognitive 
complaints, everyday activity patterns may be used as a phenotype of early disablement, such as 
low variety and time spent on IADL and leisure activities. This phenotype offers a window of 
opportunity to early identify at-risk older adults for more extensive evaluations and treatments to 
mitigate disability. 
The strong linkage between indicators of brain health and everyday activity patterns 
informs intervention opportunities. We suspected that intervening upon the interactions among 
indicators of brain health and everyday activity patterns may show promise in mitigating disability 
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in late life. However, the optimal strategies in changing their interaction are unclear, nor do we 
understand whether intervening upon one is better than the other. We recommend future 
intervention studies to 1) intervene upon either indicators of brain health or everyday activity 
patterns, 2) compare their effectiveness in addressing these outcomes and their interactions, and 
3) link the observed changes with models that explicate the disablement trajectory in at-risk older 
adults. 
While our findings from the mobile health study are promising, they were based on small 
sample sizes and limited to at-risk older adults. Future studies should assess everyday activities 
patterns in larger population-based samples and examine the health consequences of everyday 
activity patterns via multiple public health outcomes, including the risk of disability, 
hospitalization, and mortality. Also, the measurement burst design gives us a feasible approach to 
understand the nuance of feeling, thinking, and activity patterns from a day-to-day perspective via 
self-report questionnaires. Future studies should develop innovative methods to estimate mood, 
cognition, and everyday activity patterns other than self-report approaches, such as the use of 
wearable devices and unobtrusive environmental sensors. By evaluating feeling, thinking, and 
activity patterns in various settings (e.g., home, community) and population, we vision that early 
identification of risk population may be feasible and accessible in the future. 
Finally, a closer of examination of specific biological and environmental factors to inform 
early disablement is warranted. Disability may be related to biological risks and environmental 
determinants, including dopaminergic systems, weather, social support, and community services. 
However, we did not examine these known risk factors and their associations with the disablement 
progressions in at-risk older adults. Future studies should establish predictive algorisms to identify 
at-risk population based on a variety of health indicators (i.e., indicators of brain health, activity 
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patterns, biological risks, and environmental determinants), in the hope to provide the most optimal 
and tailored services for the aging population. 
6.2 Conclusion 
The dissertation identifies critical elements to inform future prevention-oriented 
interventions for the aging population. This dissertation advances knowledge in the field of 
gerontology to better understand the mechanisms that lead to early changes in disability in late 
life. We hope the findings may inform future intervention studies to slow down millions of health 
care cost related to late life disability. 
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